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TITLE - NOVEL ANALGESIC COMPOUNDS, EXTRACTS CONTAINING 
SAME AND METHODS OF PREPARATION 

FIELD OF THE INVENTION 

This invention relates to novel compounds having analgesic properties 
and extracts containing same. Such compounds are obtained from plants of 
the Barringtonia species. 

BACKGROUND OF THE INVENTION 

Barringtonia comprise the largest genus of plants within the family 
Lecythidaceae and are widely distributed in the tropical regions of Asia, 
Malaysia and the Pacific. [1] 

Barringtonia are trees or shrubs ranging in size from 2m to in excess 
of 25m. Four species are Known to occur in Northern Australia [2], three of 
which, 8. racemosa [(L.) Spreng], B. calyptrate [(Mietrs) R» Br. ex Bailey] and 
B. asiatica [(L.) Kurtz] are known only from north Queensland. The fourth 
Australian species, B. acutangula [(L.) Gaertn], has wider distribution, being 
found across Northern Australia from North Queensland to North Western 
Australia. Barringtonia acutangula has been further divided into two 
subspecies, B. acutangula ssp. acutangula and B. acutangula ssp. spicata 
[1 ]. The latter of these is found throughout the Barringtonia distribution area 
whereas the former is restricted to Northern Australia. 

Throughout their range many Barringtonia species have been used in 
variety of ways by local people. One common use of Barringtonia species is 
as a fish poison [2-5]. Several species have been reported as fish poisons 
including B. acutangula [2-4, 6-11], B. speciosa [5], B. racemosa [2, 3, 10- 
1 2], B. asiatrica [2, 3, 5 f 10, 1 1] and B. calyptrate [1 0). Although the fruit and 
bark of the tree is often used as a fish poison [2, 3, 5-1 2], several other plant 
organs, including leaves [8, 11], roots [4, 8, 9, 11], seeds [2, 9, 10, 12} and 
wood [12], have also been used. The leaves, fruit and seeds of several 
species are known to be edible [3, 9, 12-15], 

Several other properties and uses of Barringtonia species have been 
reported. These include the use of B. racemosa as a tanning agent, due to 



the presence of tannins, [3, 12, 16] and as an insecticide reportedly to be 
approximately half as potent as nicotine [12, 16, 17]. The fruit of Banringtonia 
has been used to poison wild pig [12]. In addition the seed of S. racemose 
and the fruit of 6. asiatica has been used for suicide and administration with 
"... homicidal intent ..." [11, 12], coconut milk being an antidote. These toxic 
properties may be due to the presence of HCN which has been 
demonstrated in high concentrations in the kernel of B. asiatica [11]. 

Many of the Barringtonia species have found extensive use as 
traditional medicines and the fruit of B. acutangula has been called "Nurse 
fruit" [6]. Alt parts of the plant have been used and applications have been 
both internal and external. Preparation of applications may involve drying 
and powdering, extraction with hot or cold water, heating or juicing [3, 1 1 , 12, 
16, 18]. External applications tend to focus, as expected, on skin disease. 
Ailments such as general wounds, rheumatism, eczema, ulcers, scabies, 
tinea, ringworm, itches, inflammation and even leprosy have been treated 
with Barringtonia species [3, 11, 12, 16, 18]. Seeds in powered form have 
been used as a snuff to relieve headache whereas heated seeds are 
aromatic and have been used to assist in colic and parturition [3]. External 
applications to assist ophthalmia, chest cold and pain, asthma, fever, colic, 
flatulence, non-venereal stricture, sore throat and stomach ache have also 
been reported [3, 6, 11, 12, 16, 18]. 

Common internal used of Barringtonia are for the relief of diarrhoea, 
dysentery and stomach ache, as an emetic, expectorate and laxative [3, 6, 8- 
12, 16, 18, 19]. Preparations of some species are taken as a bitter tonic [3, 
8, 9, 1 1 , 18, 19] and the seed of S. racamosa is taken as a vermifuge [18]. 

As fish poisons, Barringtonia species, in particular B. actungula [4], 
were used extensively in Australia, however it seems that little use was made 
of Barringtonia species as medicines compared with other regions in which 
the plants are located. In Australian, Barringtonia extracts have been used 
for skin complaints such as wounds, boils and chickenpox (6. racemosa and 
S. acutangula), for chest pain and fever (S. calyprata), in ophthalmia, colic, 
parturition and to induce vomiting (B. acutangula) [10, 11, 16, 18]. More 



detailed accounts of the uses of Barringtonia sp. can be found in the 
literature (eg [3, 12, 18]). 

In view of the wide traditional application of Barringtonia species as 
medicinal plants, it is surprising that the chemical nature of the bioactive 
constituents has attracted little attention. 

The presence of saponin-like glycosides in ft Insingnis, ft vriesei and 
ft racemosa was demonstrated as early as 1898 (reported in [6]). 
Subsequently, in 1901, a saponin was isolated from ft speciosa which 
yielded, on hydrolysis, glucose and barringtogenin (reported in 120], although 
[6] reports the species as S. spinosa). The same author also reported the 
presence of a second sapogenin, namely barringtogenitin. Nozoe isolated 
Ai-barrinin and A r barrigenin from the seeds of ft asiatica and subsequently 
reported that the saponin of Arbarrinin contained gluconic acid, d-glucose, 
d-galactose and a methyl pentose [21, 22]. Alkaline hydrolysis of A,- 
barrigenin gave tiglic acid and a new aglycone, A^barrigenol [23]. 
Acetylation of Ai-barrigenin also led to the isolation of a second aglycone, 
A2-barrlgenol [23]. 

The presence of high concentrations of saponins was reported from 
the seeds, leaves and bark of B. acutangula and B. racemosa and three 
sapogenins were identified [20]. Much of the ensuing work aimed to isolate 
and characterise the nature of these saponins. 

The structure of Ai-barrigenol as first assigned by Cole et al. in 1 955 
[24] is shown in FIG 1. 



FIG 1. A-i-Barringenol 




During the 1950's, there was a growing interest in saponins and 
sapogenins as evidenced by the number of publications in which, using 
mainly degradative techniques, structures were assigned and revised. The 



first sapogenins isolated from a Bamngtonia species after A y - and A 2 - 
barrigenol were barringtogenol and barringtogenic acid which were isolated 
from the fruit of S. racemosa [25] and which structures are shown in FIG 2. 



FIG 2 
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Barnngtonla acutangula continued to be a source of novel saponins 
and sapogenins. Again from the fruit of this species, a series of compounds, 

barringtogenol B, C, D, and E, were isolated and their structures explored IB 
26-34]. 
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FIG 3 (a) Initial and (b) revised structures of barringtogenol B 
Barringtogenol C was isolated from B. acutangula fruits and the 
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structure assigned by chemical techniques as previously described (FIG 4) 
(eg [8, 26,27, 31-34]). 



FIG 4 Barringtogenol C 




Barringtogenol D. again isolated from B. acutangula fruit, was 
5 described by Barua et al [26] and a structure proposed by ChakraborH and 
Barua [29,30] (FIG 5). 



FIG 5 - Barringtogenol D 




Barringtogenol E was isolated from the branch wood of B. acutangula 
and a structure was assigned using mass spectral and chemical information 
(FIG 6) [8, 28], It was noted that barringtogenol E was perhaps the first 
example of a triterpene benzoate isolated from nature [8, 28]. 



FIG 6 - Barringtogenol E 




Other compounds isolated from B. acutangula include tanginol [8, 35, 
36] as shown in FIG 7 and barrinic acid shown in FIG 8 [37]. 
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Acid A 

FIG 7 - Compounds from B. acutangula 



FIG 8 




Barrinic acid 



Several compounds have been isolated, again from B. acutangula, 
and their structures assigned in part using NMR. These include barrigenlc 
acid, the 19p-isomer of barrinic acid (fruit) [36] and acutangulic and tangulic 
acids (leaves) (FIG 9) [38-40]. 
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Barrigenic acid 



FIG 9 - Compounds from B. acutangula 
It was not until 1 991 [41 J that the structure of an intact saponin from B. 
acutangula was published. Spectral and chemical data led to the structure 

being assigned as2a,3p,19«-trihydroxy-olean-12-ene-dioic acid 28-O-p-D- 
glucopyranoside (FIG 10) [41]. 




FIG 10 - 2a,3p,19a-trihydroxy-olean-12-ene-dioic acid 28-O-p-D-gluco- 

pyranoside from the seeds of B. acutangula 
Shortly after the publication of this structure the same group published 
the complete structures of three more saponins from the seeds of B. 
acutangula, bamngtosides A, B and C (FIG 11) [42]. 
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Barringtoside B-3-O- f^xgw^ 

-21-0-tig!oyl-28-0-isobutyiyI barringtogenol C 




HO^ ^/ 

OH 
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baningtogenol C 

FIG 11 

Although this Baningtonia species has been used as medicinal plants 
for a wide variety of ailments, no information concerning the biological 



9 

activity of any of the isolated triterpenes can be located. However, it is known 
that triterpenes have some anti-inflammatory activity (eg [43, 44]). The 
astringent properties of the bark of Barringtonia have been attributed to the 
presence of tannins [16, 1 8] which are also known to possess anti-microbial 
properties (eg [45]). The general use of Barringtonia species as preparation 
for skin sores, wounds and other skin complaints may be due to the 
presence of these tannins. Many of the reported effects induced by 
preparations from these trees can be accounted for by the activity of steroids 
(eg anti-inflammatory, anti-asthmatic, anti-rheumatic etc) and the presence 

* 

of the p- and y- sitosterol and stigmasteroWfJ-O-D-glucoside in extracts from 
Barringtonia species may explain some of these activities. It is also well 
known that saponins exhibit a wide range of biological activities, many of 
which could explain the observed medicinal properties outlined earlier (eg 
[46, 47]). 

As is evident from the preceding discussion, the dominant group of 
compounds found in Barringtonia thus far studies are saponins. Saponins 
are an important class of secondary metabolites that are widespread in 
plants and lower marine organisms. It has been reported that approximately 
79% of all plants surveyed contain saponins [48]. It has also been proposed 
that saponins are produced as defensive agents by the plant [48]. Increasing 
numbers of saponins are being isolated from lower marine organisms, but so 
far have been isolated from the phylum Echinodermatai in particular sea 
cucumbers (Holothuroidea) and starfish (Asteroidea) [46]. 

Saponins consist of three main components, an aglycone (genin or 
sapogenin), such as a triterpene, a steroid or a steroidal alkaloid, one or 
more sugar chains, commonly D-glucose, D-galactose, D-giucuronic acid, D- 
galacturonic acid, L-rhamnose, L-arabinose, D-xylose and D-fucose and 
sometimes acids, such as angelic and tiglic acids [46, 47, 49]. Saponins are 
further classified as mono-, bi- or tri-desmosides according to the number of 
sugar chains which are attached to the aglycone [47]. 

The haemolytic, molluscidal and piscicidal activities of saponins are 
well characterised and have even been used as assay techniques in bio- 
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guided fractionations of plant and animal extracts (eg [47, 48, 50, 51J). 
However haemolytlc activity varies greatly or may be absent altogether and 
molluscicidal activity is somewhat dependent on the structure of the saponin 
[46, 47]. As expected there are many publications on the biological and 
pharmacological properties of saponins, examples of which can be seen in 
[46, 47]. 

Analgesic activity has been demonstrated in a small number of 
saponins. The following is an example of some of the saponins found to 
have analgesic effects. Using the acetic acid writhing test it was shown that 
barbatoside A (ED50 95 mg/kg) and B (ED 5( > 50mg/kg), glycosides of quaillic 
acid from Dianthus barbatus, were more active than acetylsalic acid (ED S0 
125mg/kg) {52]. An Intraperitoneal (/p) injection of a saponin preparation 
from Dolichos falcatus at 5mg/kg was shown to produce marked analgesic 
effect to pain induced by exposure of 55°C in mice [53]. An extract of 
Platycodon gmndfflorum also induced analgesia in mice when injected 
subcutaneous (sc) at a dose of 2g/kg [54]. One of the active ingredients is 
stated as being platicodin and the dose received by the mice was equivalent 
to 160 mg/kg. The effects were comparable to 100-200mg/kg aspirin. 
Injection {ip, 1 00-250mg/kg) of the total saponin preparation from Panax 
notoginseng was found to act faster but for shorter durations than morphine 
and Metrahydropalmatine and was comparable to aminopyrine (150mg/kg) 
[55]. It was also noted that the saponin preparation induced a sedative effect, 
decreased the ED50 of pentobarbital in sleep induction, prolonged thiopental 
induced sleep and showed synergistic effects with chlorpromazlne in CNS 
inhibition [55], A number of dianosides were isolated and characterised from 
Dianthus superbus ver. longicalycinus [56-58]. Dianosides A and B were 
found to significantly inhibit acetic acid induced writhing at 10 and 30mg/kg 
(sc) with dianoside B the more potent [56]. In a detailed examination of the 
pharmacological effects of glycosidal fraction obtained from Maasa chisa var. 
augustifotta, Gomes et a/ [59] demonstrated, among other things, analgesia 
in the writhing test in mice. A 33% inhibition was observed in p- 
phenylquinonone induced writhing in contrasttoa 52% inhibition observed in 
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acetic acid induced writhing. By comparison, aspirin inhibited p- 
phenylquinone induced writhing by 85% and acetic acid induced writhing by 
80%. The absence of straubtail phenomena and lack of activity in both the 
hot plate and the tail flick tests suggests that the analgesia produced by the 
glycoside fraction was different to that produced by narcotics. 

SUMMARY OF THE INVENTION 

One aspect of the invention, and by no means the broadest form, 
provides for novel compounds of the formula (I) 




wherein; 

Ri is selected from hydrogen, hydroxyl, atkanoyl, alkenoyl, benzoyl, 
heterocyclic, heteroaryl or 




R 2 and R 3 may independently be selected from hydroxyl, alkanoyl, alkenoyl, 
benzoyl or benzoyl alkyl substituted alkanoyl; 

R4 is selected from hydrogen, hydroxyl, -COOalkyl, alkanoyl, alkenoyl, 
benzoyl, hydroxyalkyl, alkyl, alkenyi, aryl, heterocyclic or heteroaryl ; 

R 5 is selected from -COOH, CH 2 OH, CH 2 OCOCH 3 , COOalkyl, COOaryl, 
CHaCOOalkyl, heterocyclic or heteroaryl; 
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R6 is selected from hydrogen or 




R7 is selected from hydrogen or alkyl; or 

pharmaceutical^ acceptable salts thereof, with the exception that if R4 is 
hydroxyl, R1 Is not hydroxyl or tigloyl. 

The term "alkyl" refers to linear, branched, cyclic and bicyclic 
structures and combinations thereof, having 1 to 18 carbon atoms. Non- 
limiting examples of alkyl groups include methyl, ethyl, propyl, isopropyl, 
butyl, s- and t-butyl, pentyl, hexyl, heptyl, octyl, nonyl, undecyl, dodecyl, 
tridecyl, tetradecyl, pentadecyl, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl and the like. More preferably alkyl is selected from methyl, ethyl, 
propyl, isopropyl, butyl, s- and t- butyl, pentyl, and hexyl. 

The term "alkenyl" refers to unsaturated linear or branched structures 
and combinations thereof, having 1 to 7 carbon atoms. Non-limiting 
examples of alkenyl groups include, ethenyl, propenyl, isopropenyl, butenyl, 
s- and t-butenyl, pentenyl, hexenyl. 

Hydroxyalkyl is preferably selected from a straight, branched cyclic 
and bicyclic structures and combinations thereof, having 1 to 18 carbon 
atoms, substituted with one or more hydroxyl group. Preferably hydroxyalkyl 
is selected from hydroxymethyl, hydroxyethyl, hydroxypropyl, hydroxybutyl. 

"Alkanoyl" means alkanoyl groups of a straight or branched 
configuration having 1-8 carbon atoms. Preferably alkanoyl is selected from 
acetyl, propionoyl, butyryl, isobutyryl, pentanoyl and hexanoyl. More 
preferable alkanoyl is selected from acetyl, propionoyl, butyryl, and 
isobutyryl. 

"Alkanoyl" means alkenylcarbonyl in which alkenyl is as defined 
above. Preferably alkenoyl is selected from pentenoyl, hexenoyl or 
heptenoyl. More preferably alkenoyl is selected from petnenoyl (tigloyl) or 
hexenoyl (angeloyl). 
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"Aryl" means a 6-14 membered carbocyciic aromatic ring system 
comprising 1-3 benzene rings. If two or more aromatic rings are present, 
then the rings are fused together, so that adjacent rings share a common 
bond. Examples include phenyl and naphthyi. The aryl group may be 
substituted with one or more substituents independently selected from 
halogen, alkyl and alkoxy. 

The term "benzoyl alkyl substituted alkanoyl" is used to refer to 
straight or branched C1-C6 alkanoyl substituted with at least one benzoyl 
and at least one alkyl, wherein the benzoyl is attached to an straight or 
branched C1-6 alkyl. Preferably a benzoyl alkyl substituted alkanoyl is 
benzoyl methyl isobutanoyl. 

"Heterocyclic" refers to a non-aromatic ring having 1 to 4 heteroatoms 
said ring being isolated or fused to a second ring selected from 3- to 7- 
membered alicyclic ring containing 0 to 4 heteroatoms, aryl and heteroaryl, 
wherein said heteroatoms are independently selected from O, N and S. Non- 
limiting examples of heterocyclic include pyrrolidinyl, piperidinyl, piperazinyl, 
morpholinyl, tetrahydorfuranyl, imidazolinyl, thiomorpholinyl, and the like 

The term "heteroaryl" as used herein represents a 5-10 membered 
aromatic ring system containing a single ring having 1-4 heteroatoms, 
selected from O, S and N. Heteraryl includes, but is not limited to, furanyl, 
diazinyl, imidazotyl, isooxazolyl, isothiazolyl, pyridyl, pyrrolyl, thiazolyl, 
triazinyl and the like. 

The term "-COOalkyl" is used to represent -COO-alkyl groups wherein 
alkyl is described above. Preferably -COOalkyl is selected from 
-COOmethyl, -COOethyl, -COOpropyl, -COObutyl and the like. More 
preferably -COOalkyl is -COOmethyl. 

The term "-COOaryT is used to represent -COOaryl substituents 
wherein aryl is described above. Preferebaly -COOaryl is selected from 
-COOphenyl or -COOnapthyl. More preferably -COOaryl is selected from 
-COOphenyl. 

The term w -CH 2 COOalkyr is used to represent -CH 2 COOalkyl 
substituent wherein alkyl is as described above. Preferably -CH 2 COOalkyl is 
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selected from -CH 2 COOmethyl t -ChfcCOOethyl, -CH 2 COOpropyl and the like. 
More preferably -CH 2 COOalkyl is -CH 2 COOmethyl. 
Preferably Ri is hydrogen, benzoyl, tigloyl, or 




wherein R 2 and R 3 are selected from tigloyl, benzoyl, or benzoyl alkyl 
substituted alkanoyl. 

Preferably R4 is selected from hydroxyl, -COOCH3, isobutyryl, benzoyl, 
or tigloyl. 

Preferably R5 is selected from CH 2 OH, CH 2 OCOCH 3 , or CH 2 COOCH 3 . 
Preferably the compound of formula (I) is selected from; 

a. 3-0-p-D-xylopyranosyl(1 -*3HP-D-galactopyranosyl(1 -2)]-p-D- 
glucuronopyranosyl-21-0-[3-(343enzoyl-2-methylb^ 
arabinopyranosyl]-22-0~acetyl barringtogenol C; 

b. 3-0-p-D-xylopyranosyl(1 -^3)-[p-D-galactopyranosyl(1 ->2)J-p-D- 
glucuronopyranosyl-21-O-benzoyl barringtogenol C; 

c. 3-0-p-D-xylopyranosyl(1 ->3HP^I>galactopyranosyl(1 ->2)]-p-D- 
glucuronopyranosyl-21-0-benzoyl-28-0-acetyl barringtogenol C; 

d. 3-0-P-D-xylopyranosyl(1 ->3Hp-D-galactopyranosyl(1 ->2^p-D- 
glucuronopyranosyl-21-0-benzoyl-22-0-isobutyryl barringtogenol C; 

e. 3-0-P-D-xyIopyranosyl(1 ->3Mp-D-galactopyranosyl(1 -*2)J-p-D- 
methylglucuronopyranosyl-21 l 22-0-dibenzoyl barringtogenol C; 

f. 3-0-p-D-xyIopyranosyl(1 -»3Mp-D-galactopyranosyt(1 ->2)J-p-D- 
glucuronopyranosyl-21, 22-O-dibenzoyl barringtogenol C; 

g. 3-0-p-D-xylopyranosyl(1 ->3HP-D-galactopyranosyl(1 -^2)J-p-D- 
methylglucuronopyranosyI-21-0-benzoyl-22-0-tigloyl barringtogenol C; 

h. 3-0-p-D-xylopyranosyl(1 -»3MP-D-galactopyranosyl(1 ->2)J-p~D- 
glucuronopyranosyl-21-0-benzoyl-22-0-tigloyl barringtogenol C; 

i. 3-0-p-D-xylopyranosyl(1 ->3)-Ip-D-galactopyranosyl(1 -»2)]-p-D- 
methylglucuronopyranosyl-21,22-0-tigloyl barringtogenol C; 
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j. 3-0-p-D-xyIopyranosyl(1 ->3)-[p-D-galactopyranosyl(1 ->2)]-D- 

glucuronopyranosyl-21,22-0-tigloyl barringtogenol C; 

k. 3-0-p-D-xylopyranosyl(1 -»3Mp-D-galactopyranosyl(1 ->2)J-p-D- 

glucuronopyranosyl-22-O-benzoyl barringtogenol C; 

I. 3-0-p-D-xylopyranosyl(1 -»3MPD-galactopyranosyl(1 ->2)]-P-D- 

glucuronopyranosyl-21-0-I3 > 4-dibenzoyl-a-L-arablnopyranosylJ-22-0-acetyl 

barringtogenol C; 

m. 3-0-P-D-xylopyranosyl(1 -»3)-[p-D-galactopyranosyl(1 -»2)]-p-D- 
glucuronopyranosyl-21-0-t3,4^ibenzoyl-a-L^rabinopyranosyq-28-0-acetyI 
barringtogenol C; 

n. 3-0-p-D-xylopyranosyl(1 ->3Hp-D-galactopyranosyl(1 ->2)J-p-D- 

glucuronopyranosyl-21-0-[3^34)enzoyl-2-methylbutyryl)-4-tigloyl-a-L- 

arabinopyranosyl]-22-0-acetyl barringtogenol C; 

o. 1 3-0-p-D-xylopyranosyl(1 -*3)-[p-D-galactopyranosyl(1 ->2)]-p-D- 

glucuronopyranosyl-2 1 -0-[3-tigloyl-4-(3-benzoyl-2-methylbutyryl)-a-L- 

arabinopyranosyQ-22-O-acetyl barringtogenol C; 

p. 3-0-p-D-galactopyranosyl(1->2)-p-D-glucuronopyranosyl-21-0-[3-(3- 
benzoyl-2-methylbutyryl)-4-benzoyl-a-L-arabinopyranosyl]--22-0-acetyl 
barringtogenol C; or 

q. 3-0-p-D-xyIopyranosyl(1 -»3)-[p-D-galactopyranosyl(1 ->2)]-p-D- 
glucuronopyranosyl-21-0-[3-(3-benzoyl-2-methylbutyry])-4-benzoyl-a-L- 
arabinopyranosylJ-28-O-acetyl barringtogenol C. 

The term "pharmaceutical^ acceptable salts: as used herein refers to 
salts which are toxicologically safe for systemic administration. The 
pharmaceutical^ acceptable salts may be selected from the group including 
alkali and alkali earth, ammonium, aluminium, iron, amine, glucosamine, 
choline, sulphate, bisulphate, nitrate, citrate, tartrate, bitarate, phosphate, 
carbonate, bicarbonate, maiate, maleate, napsylate, fumarate, succinate, 
acetate, terephthalate, pamoate, pectinate and s-methyl methionine salts 
piperazine and the like. 

Another aspect of the invention resides in a composition containing 
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one or more compounds of formula (I) when extracted from plants or parts of 
plants of the genus Barringtonia, preferably the species Barringtonia 
acutangula. The parts of plants include fruit, seed, bark, leaf, flower, and 
wood. Preferably the part of plants is selected from bark, flower and leaf. 
More preferably the parts of plants is bark. 

Another aspect of the invention resides in a pharmaceutical 
composition for treatment and/or control of pain comprising an effective 
amount of one or more compounds of formula (I) and a pharmaceutical^ 
acceptable carrier. 

Dosage forms include tablets, dispersions, suspensions, injections, 
solutions, syrups, troches, capsules, suppositories, aerosols, transdermal 
patches and the like. These dosage forms may also include injecting or 
implanting devices designed specifically for, or modified to, controlled 
release of the pharmaceutical composition. Controlled release of the 
therapeutic agent may be effected by coating the same, for example, with 
hydrophobic polymers including acrylic resins, waxes, higher aliphatic 
alcohols, polyactic and potyglycolic acids and certain cellulose derivates such 
as hydroxypropylmethyl cellulose. In addition, the controlled release maybe 
affected by using other polymer matrices, liposomes and/or microspheres. 

Pharmaceutically acceptable carriers for systemic administration may 
also be incorporated into the compositions of this invention. 

Suitably, the pharmaceutical composition comprises a 
pharmaceutically-acceptable excipient. By "pharmaceutically-acceptable 
excipfent" is meant a solid or liquid filler, diluent or encapsulating substance 
that may be safely used in systemic administration. Depending upon the 
particular route of administration, a variety of carriers, well known in the art 
may be used. These earners or excipients may be selected from a group 
including sugars, starches, cellulose and its derivates, malt, gelatine, talc, 
calcium sulphate, vegetable oils, synthetic oils, polyols, alginic acid, 
phosphate buffered solutions, emulsifiers, isotonic saline, and pyrogen-free 
water. 

Any suitable route of administration may be employed for providing a 
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patient with the pharmaceutical composition of the invention. For example, 
oral, rectal, parenteral, sublingual, buccal, intravenous, intraarticular, intra- 
muscular, intra-dermal, subcutaneous, inhalational, intraocular, 
intraperitoneal, intracerebroventricular, transdermal and the like may be 
employed. 

Pharmaceutical compositions of the present invention suitable for 
administration may be presented in discrete units such as vials, capsules, 
sachets or tablets each containing a predetermined amount of one or more 
pharmaceutically active compounds of the invention, as a powder or 
granules or as a solution or a suspension in an aqueous liquid, a non- 
aqueous liquid, an oil-in water emulsion or a water in oil emulsion. Such 
compositions may be prepared by any of the method of pharmacy but all 
methods include the step of bringing into association one or more 
pharmaceutically active compounds of the invention with the carrier which 
constitutes one ore more necessary ingredients. In general, the compositions 
are prepared by uniformly and intimately admixing the agents of the invention 
with liquid carriers or finely divided solid carriers or both, and then, if 
necessary, shaping the product in to the desired presentation. 

The active compounds of formula (I) and of the composition of this 
invention are present in an amount sufficient to treat and/or control pain. 
Suitable dosages of the compounds of formula (I) and the pharmaceutical 
compositions containing such may be readily determined by those skilled in 
the art. 

In yet another aspect of the invention, there is provided a method of 
treating and/or controlling pain, comprising administering to a subject in need 
of such treatment an analgesically effective amount of one or more 
compounds according to formula (I). 

In yet another aspect of the invention, there is provided the use of one 
or more of the compounds according to formula (I) in the manufacture of a 
medicament for the treatment and/or control of pain. 
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EXPERIMENTAL SECTION 
SECTION A - PAIN ASSAYS 
The Formalin Assay. 

The formalin assay involves the subcutaneous injection of a small 
amount of formalin into the fore or hind paw of a rat or mouse and the 
behavioural response to this injection is recorded as a measure of pain 
response. A modification of this method was described by Dubuisson and 
Dennis [60J and the behavioural response detailed for both rats and cats. 
Independently the pain produced was described as being initially intense, 
sharp, stinging and burning and was given a 3/5 on a standard pain 
questionnaire. Some 4 to 5 minutes later this intense pain gave way to a 
steady throbbing ache which gradually disappeared over 30 to 60 minutes 
leaving a mild tenderness at the injection site [60]. 

The formalin assay was chosen for the current work for several 
reasons. Firstly, and most importantly, this assay is often reported in journals 
such as Pain, which would indicate that ethical considerations have been 
overcome. It has also been demonstrated that the two distinct phases 
observed in the assay reflect two distinct phases of nociception. The first 
phase, early or acute, begins immediately after injection of formalin and lasts 
some 3-5 minutes. This phase is considered to be the direct chemical 
stimulation of nociceptors. A period of minimal activity lasting for 10 - 15 
minutes follows this initial phase. Subsequently a second, late or tonic 
phase, begins and lasts for 20 - 40 minutes. The response shown in both 
early and late phases can be reduced using known analgesics, such as 
morphine, codeine, nefopam and orphendarine [61]. The late phase was 
affected both by non-steroidal anti-inflammatory compounds, such as 
indomethacin and naproxen and steroids such as dexamethasone and 
hydrocortisone (e.g. [61]). Interestingly aspirin and paracetamol were shown 
to be analgesic in a dose dependent manner in both phases of the formalin 
test [61]. 

When performing this assay several points, including formalin 
concentration, experimental subject and site of injection need to be 
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considered. 

The formalin assay was preformed on male mice using morphine, and 
other compounds of interest, as an analgesic, to test the viability and 
reliability of the assay as a means of measuring pain response in mice. 
Methods and materials. 
Experimental subjects. 

Male Quackenbush mice weighing 25 - 35g were used. They were 
housed in colony cages (400 x 300 x 130mm; Wiretainers) with ad libitum 
access to food (standard rat/mouse pellets; Norco Feeds) and water. For 
short term storage a maximum of 15 - 16 mice were housed per cage while 
for longer periods this number was reduced to less than 1 0 mice per cage. 
Bedding material was wood shavings or more commonly recycled paper 
pellets (Breeders Choice). 

A 1 2 hour light/dark cycle was maintained in the animal holding facility 
with lights on at 06:00hrs. All testing was performed during the light phase to 
minimise any diurnal variation in behaviour. The temperature of the facility 
was maintained at 21 °C with humidity ranging between 45 and 65%. 

Newly acquired animals were housed in the holding facility for a 
minimum of two days prior to being used for testing. 
Test compounds. 

Formalin (Ajax) was supplied as solution of approximately 37.5% 
formaldehyde containing 10% methanol as a preservative. This stock 
solution was diluted 1 :20 with water to give a 2% formaldehyde solution (5% 
formalin) which was used as the nociceptive agent. 

Morphine hydrochloride was kindly donated by Extal, a division of 
Tasmanian Alkaloids Ply. Ltd. and appropriate concentrations were made by 
dilution with sterile isotonic (0.9%) saline. 
Testing method. 

In the absence of a dedicated room for testing, all tests were 
performed in the laboratory on weekends during times consistent with the 
first hours of the light phase in the holding facility. These times were chosen 
to minimise disturbances during testing due to other workers in the laboratory 
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and to minimise any variation in response due to time of the day. 

The mice were brought into the laboratory at least one hour prior to 
testing. Subsequently the mice were individually placed into empty colony 
cages, which also served as observation chambers. They were allowed a 
further 30 minutes to explore their environment During this time, and during 
testing, no food or water was available. 

Morphine and other compounds of interest were injected in a volume 
of 10mL/kg intraperitoneally (ip) 30 minutes prior to formalin administration. 
With minimal restraint, 20^iL of formalin solution was injected subcutaneously 
(sc) into the dorsal surface of the right hind paw. The mouse was replaced 
into the cage and observations begun immediately. The sole behavioural 
response recorded was the amount of time the animal spent biting or licking 
the injected paw or leg per 5 minute block was recorded. Each animal was 
used once only for testing and were subsequently euthanased by C0 2 . 
Results. - Control. 

Two control experiments were performed to ensure that the assay 
gave comparable results to the literature. In addition a background, grooming 
behaviour was recorded. This data was recorded as the amount of time that 
the mouse spent biting or licking both hind paws, with the average value 
taken as the normal grooming background (FIG 12). The mouse was given ip 
saline only for these observations. 

FIG 12 indicates that the amount of time that the mice spend 
grooming their hind paws is approximately 4 seconds every 5 minutes. 
Although there was some small variation in this time, it was decided that 
these values were not significant and were therefore not included in further 
calculations. 
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FIG 12 - Normal grooming response (x ± S.E.; n = 6). 

The second control experiment involved an rp Injection of isotonic 
saline followed, 30 minutes later, by injection of formalin. The results for the 
controls are shown in FIG 13. The characteristic biphasic nature of the 
response reported by previous workers (e.g. [61]) is shown in FIG 13. 

The final control experiment conducted to ensure the validity of the 
technique was to construct a dose response curve for morphine. Four doses 
of morphine were chosen, 3mg/kg (n=8), 6mg/kg (n=7), 9mg/kg (n-6) and 
1 2mg/kg (n=4). A calculation of analgesic activity over the total experimental 
time period was required to evaluate the extracts as analgesics. Any 
differences observed between the acute and tonic phases of the nociceptive 
response were noted. A comparison between the duration of experimental 
and control pain for the entire experimental period (45min) was needed. 
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FIG 13 - Control values (x ± S.E.; n » 18). 
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The total time spent exhibiting the pain response in control animals 
was 451 ± 28 seconds (x ± S.E.; n = 18). Using this value a percentage 
pain inhibition can be calculated using the formula:- 

Pain response (%) =(1- Response time(sec)/Controt time) * 100 

= (1 - Response time(sec)/451) * 1 00 
where response time is the average pain response time recorded over 45 
minutes when observed after administration of the compound of interest 
The morphine dose response curve for the entire experimental period is 
shown in FIG 14 (ED50 = 4.8 mg/kg). 
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FIG 14 - Dose response curve for morphine (x ± S.E.; n = 6(min)). 

Previously it has been demonstrated that the effect of morphine is 
greater in the later, tonic phase than in the early, acute phase in the formalin 
assay. An approximate ED50 value of morphine between 4 to 5 mg/kg has 
been reported for the acute phase in mice whereas in the tonic phase 2 to 3 
mg/kg of morphine is required (e.g. [62J). For the entire experimental period 
subcutaneous morphine gave an ED50 value of 4.8 mg/kg [63] and it has 
also been noted that almost complete analgesia was induced at 6 mg/kg 
[64]. The results obtained for the current work showed similar trends. 
Summary. 

In summary, the formalin assay was found to be reliable, easy to 
perform and provided sufficient information from a minimal number of 
experimental subjects. The control results of the assay compare favourably 
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with those of other workers. The method conforms to the ethical guidelines of 
the JSAP [65, 66] and the Griffith University Ethics Committee for 
Experimentation on Animate (GUECEA). 

SECTION B - ISOLATION OF COMPOUNDS OF INVENTION FROM 
BARRINGTONIA 

Introduction. 

Crude extracts and fractions from Barringtonia were tested for 
effectiveness in pain inhibition using the mouse formalin assay. 

The separation of saponins, and subsequent characterisation, 
requires the use of sophisticated techniques. Purification of saponins is 
achieved by many methods that are discussed later (e.g. [67-69]), but in 
general involves the following (FIG 15). Extraction in aqueous alcohol 
(methanol or ethanol), either preceded or followed by a defatting step, 
removal of the solvent and suspension of the residue into water saturated n- 
butanol. At this stage the saponins can be precipitated with diethyl ether, 
however this step may be omitted. The residue Is subsequently subjected to 
chromatography. This last step may involve several techniques, including 
Sephadex LH20, silica, Diol or reverse phase (C8 and C1 8) chromatography, 
alone or in combination. The technique of counter current chromatography 
and its variations (DCCC, RLCC, CPC) has also found application in the 
separation of saponins. 

The major problem associated with the isolation of saponins using 
chromatographic techniques is the lack of a suitable chromophore for UV 
detection- Although these problems can be overcome by using Rl, mass 
detection and by derivatisation and UV detection, each of these techniques 
has its own inherent advantages and difficulties which have been discussed 
elsewhere [67]. 
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FIG 15 - Schematic for the preparation of crude saponin mixtures. 

The use of bioassay to guide the purification may, however, dictate 
the Isolation methods used. This section describes the processes which led 
to the separation of several pure saponins from the aqueous extract of the 
bark of Bamngtonia acutangula. 
Experimental, 

General methods and materials. 

The mouse formalin assay was performed as described previously. 
Assay results were reported as the percentage inhibition of the pain 
response compared to controls (see Section A). 

Unless stated otherwise all solvents and reagents were AR grade. 
Pure water (ddH 2 0) (Permutit Australia, conductivity < 0.07 jiS/cm) was used 
for all separations. High purity (Omnisolve, EM Science) methanol (MeOH) 
and acetonitrile (MeCN) were used for ai! analytical HPLC separations, 
whereas distilled AR grade MeOH and HPLC grade MeCN were used for 
semi-preparative and preparative separations. All solvents, including water, 
were filtered (0.45pm nylon, Activon) before use. 
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NMR was performed using a Varian 200MHz (Gemini 200), 400MHz 
(Unity), SOOmHz (Unity Inova) or 600MHz (Unity Inova fitted with Ultra Shims) 
system using deuterated solvents (CD 3 OD, CD5N, cfe-DMSO). Where only 
small amounts of sample were available, D2O or DMSO matched Shigemi 
NMR tubes (3 or 5 mm) were used in order to present a more concentrated 
sample to the NMR. All chemical shifts were reported in parts per million 
(ppm). Standard Varian pulse sequences were used for all experiments. 

Low resolution electrospray mass spectrometry (LR-ESMS) was 
performed on a Fisons VG Platform LCMS connected to a Waters 600 HPLC 
system (methanol, flow rate 0.9mL/min). Spectra were collected in both 
negative and positive ion modes, at a range of cone voltages (±50V, ±100V, 
±150V and ±200V), and were analysed using MassLynx software. High 
resolution ESMS (HR-ESMS) was performed at the Australian Institute of 
Marine Science, Townsville Queensland. The instrument was a Bruker 
(Billerica MA, USA) BioApex 47e FTMS equipped with an Analytica of 
Branford (Branford CT, USA) external electrospray source. The instrument 
was calibrated in either positive or negative mode prior to sample infusion 
and molecular masses were reported to within 5ppm. 
Plant material. 

The plant sample was identified as Baningtonia acutangufa (L) 
Gaetrn. ssp. acutangufa and a voucher was lodged at the Queensland 
Herbarium (#AQ595351). Although the tree is found across Northern 
Australia, the sample used in this project was collected from the Kimberley 
district of North Western Australia. An initial collection of the bark from the 
tree was made on July 14 th 1989 and a subsequent collection was made in 
1 994. In order to ensure similar characteristics the collection was made from 
the same area and at the same time of the year (July 18 th 1994). A small 
sample of flowers and leaves was also made available. 

The flowers of B. acutangufa are small and a large number were 
required to provide sufficient material for further investigation. The tree 
flowers in the rainy season, at which time the area becomes flooded making 
collection difficult Therefore no further collections were possible and the 
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activity in the flowers remains to be investigated. A quantity of bark was 
available from the initial collection from which the activity had been 
demonstrated. Therefore the current work aimed to characterize the 
analgesic activity in the bark. 

Bark was removed from the trees by the aboriginal people who lived in 
the area in such a manner as to inflict minimal damage and ensure the 
continued growth of the tree. The bark samples were air or oven dried at a 

maximum temperature of 50°C. The dried samples were mill ground to a 
coarse powder and the powdered sample stored in an airtight container at 
room temperature until ready for extraction. 

The small sample flowers and leaves were dried, powdered and 
stored in a similar manner the bark. 
Extraction of plant material. 

The dried and powdered bark was soaked for several hours in 
approximately ten volumes (w/v) of demineralised water (dH 2 0). The 
resulting mixture was filtered through several layers of muslin, centrifuged 
(Damon IEC Division DPR6000, 4500g for 45min) and the supernatant 
freeze dried (Virtis Freezemobile 1 2). The dried extract was stored in airtight 
containers at 4°C. 

The flowers (0.25g) and leaves (1 ,35g) were extracted with dH 2 0 in a 
similar fashion to the aqueous extraction of the bark. 

Several methods were employed to fractionate the bark H 2 0 extract 
and are described below. 
Method 1 . 

The water extract was redissolved in ddH 2 0 for assay or further 
purification. A significant amount (-30%) remained undissolved and was 
removed by centrifugation (Sorvall RC5B Plus, 12,000g, 20min) followed by 
filtration (0.45jim nylon, Activon). Where required the H 2 0 insoluble portion 
of the extract was assayed as a suspension. 

In addition to H 2 0, several alternative solvents were used and the 
filtrate (0.45fxm nylon, Activon) from these extractions was subsequently 
assayed. Alternative solvents included MeOH, CHCfe, MeOH:CHCI 3 (1:9), 
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MeOH:trifluoroaceticacid (TFA, 0.5%), ethyl acetate (EtOAc), 1% ammonia 
solution (NH4OH), dimethyl sulfoxide (DMSO) and dimethyl formamide 
(DMF). Acetylation, hydrolysis and sonication of the H 2 0 insoluble portion 
are described below. Extracts were assayed as described previously. 
Method 2. 

Dried water extract, prepared as in method 1, was dissolved in 1% 
ammonia solution (Ajax) and centrifuged (Sorvall RC5B Plus, 12,0009, 
20min) to remove any insoluble material (-22%). The supernatant was 
applied to a TSKHW40S column (vide infra) and eluted at 5mL/min with 1% 
NH4OH. Initially water was used as the mobile phase, however the small 
amount of ammonia was found to produce sharper, better resolved peaks. 
The water extract was dissolved in the mobile phase to minimise any 
problems resulting from precipitation of extract on the column. Initially five 
fractions, labeled as TSK-1, TSK-2, TSK-3, TSK-4 and TSK-5 were collected 
according to the resulting chromatogram. However, difficulties in consistently 
separating TSK-4 from TSK-5 led to both of these fractions being pooled as 
TSK-4a. Extracts were assayed as described previously. 

The active fraction from the gel permeation (TSK-4a) column was 
dissolved in MeOH, filtered (0A5\im nylon, Activon) and applied to a 
preparative C18 column {vide Infra). The column was eluted using a step 
gradient of MeOH in ddH 2 0 (0, 35, 70 and 100% MeOH) and the fractions 
collected according to the resultant chromatogram. 
Method 3. 

The method utilised in this section was similar in all respects to 
method 2, the only difference was in the step gradient used for preparative 
C18 chromatography. In this instance a step gradient was employed which 
consisted of 10% increments of MeOH in ddH 2 0 (0-100% MeOH). 
Method 4. 

In this method the water extract was applied directly to a C18 
preparative column omitting the need for a gel permeation step. The water 
extract was dissolved in d^O, centrifuged (Sorval RC5B Plus, 12000g for 

20min) and the supernatant applied a C18 preparative column (wcfe infra) 
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and the column eluted as in method 3. 
Separation of active fractions. 

The methods used for separation of crude, active fractions into pure 
compounds were developed on an individual basis. The columns used to 
facilitate separations included C18, C8, diol and phenyl bonded silica. 
Suitable mobile phases included MeOH, MeCN, isopropanol (/-PrOH), 
hexane, EtOAc, H 2 0, 0.01 M HAc and 1 % TFA. In general the approach used 
was to begin with a C8 or C1 8 column and a gradient of MeOH or MeCN with 
H2O or 1% TFA (early separations used 0.01 M HAc). Modifications to the 
method were made until it became necessary to use a different column (e.g. 
phenyl or diol) and the process repeated in order to provide maximal 
separation and resolution. The methods adopted for each fraction are 
discussed in the relevant areas of the results and discussion sections. 
Chromatography, 

Analytical and semi-preparative chromatography. 

Semi-preparative and analytical chromatography were performed 
using a Waters 600 HPLC system fitted with a photodiode array detector 
(PDA 996), an autosampler (717 plus) and a fraction collector. 
Chromatographic information was collected and stored using Millennium 
2010 chromatography manager software (version 2.10). 

Analytical chromatography was performed using Dynamax columns in 
one of two formats. Reverse phase (C1 8 or phenyl) columns were either 4.6 
x 250mm (8|xm irregular silica, 60 A pore size, 1mL/min) or 4.6 x 50mm 
("Short Ones", 3\xm spherical silica, 60 A pore size, ImL/min). Similarly, 
semi-preparative chromatography was performed using reverse phase (C18 
or phenyl) columns which were either 10 x 250mm (8|i,m irregular silica, 60 A 
pore size, 4mL/min) or 10 x 50mm ("Short Ones", 3nm irregular silica, 60 A 
pore size, 4mL/min). AH solvents used for analytical and semi-preparative 
chromatography were degassed by helium sparging. 
Preparative chromatography. 

Large scale preparative chromatography (gel permeation and CIS- 
silica) was performed using either a Gilson (Model 303 pump, 804 
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manometric module) or a Waters 600 HPLC system fitted with an extended 
flow kit Both systems were connected to a UV detector (254nm, absorbance 
mode) (ERMA Optical Works, ERC 721 5), a fraction collector (ISCO Foxy or 
Waters) and either a chart recorder (Omniscribe series D5000) or an 
integrator (C-R6A Chromatopac, Shimadzu). 

Gel permeation chromatography was performed using TSKHW40S 
packing (Merck) in a 49 x 350mm glass column (BUchi) (flow rate SmL/min, 
4min fractions), 

C18-silica preparative chromatography was performed using a 26 x 
230mm glass column (BQchi) (flow rate 12.5mL/min) and fractions were 
collected according to the resultant chromatogram. During the early stages of 
the work separations were accomplished using laboratory prepared C18- 
silica packing, in contrast to later separations where C18-Davisil (Alltech) 
packing material was used. The preparation of the C18 silica is described 
below. 

Preparation ofC18~silica for early preparative chromatography. . 

The entire procedure was conducted under a dry nitrogen 
atmosphere. Toluene (AR, Ajax) was dried over sodium wire, distilled and 
stored over sodium wire and 3A sieves (Ajax). MeOH and dichloromethane 
(DCM) were distilled and stored over 3A sieves. A slurry was made using dry 
toluene (400mL) and dry silica gel (200g, 40-63p,m, Merck) to which 
octadecyl trichlorosilane (40mU Fluka) was added and the mixture stirred for 
24hr. The slurry was subsequently filtered via a BUchner funnel and the 
product washed sequentially with 400mL each of dry toluene, dry MeOH and 
dry DCM. Finally the non-end capped C18-silica product was dried at 37°C 
for 24hr. End capping was achieved by suspending the non-end capped 
C18-silica in 400mL of dry toluene, adding 40mL of trimethylchlorosilane 
(Fluka) and allowing the mixture to stand for 24hr. The final product was 
washed successively with 400mL dry toluene and 400mL dry DCM before 
being dried at 37°C for a further 24hr. 

Acetylation of the insoluble component of the water extract 
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A 1g sample of the water insoluble portion of the water extract was 
added to 5mL dry pyridine (reflux over sodium wire, store over 4A sieves). 
The mixture was cooled to 0 Q C, 1mL of acetic anhydride added and the 
mixture stirred overnight at room temperature (RT). Ice (1-2g) was added to 
quench the reaction. The mixture was partitioned into ethyl acetate (25mL of 
ddH 2 0 and 25mL ethyl acetate). The organic layer was retained and 
washed successively with 10mLeach of 1M HCI, ddH 2 0, saturated NaHCOs 
and again with ddH 2 0. Finally the organic layer was dried over Na 2 S0 4 or 
MgS0 4 and the solvent evaporated to dryness. 
Base hydrolysis of the insoluble component of the water extract 

A schematic for this process is shown in Figure 16. A sample (0.6g) of 
the active, water insoluble, portion of the water extract was added to 20mL of 
0.5M NaOH, stirred for Ihrand subsequently centrifuged (12,000g, 15min). 
The pellet (360mg) was washed repeatedly with ddH 2 0 until the filtrate 
became clear. A portion of this pellet (330mg) was extracted with 20mL of 
DCM and centrifuged as before to recover the pellet (320mg). The pellet 
(100mg) was added to 10mL of 2M NaOH, refluxed for 2hrs and allowed to 
cool overnight. The mixture was partitioned successively into DCM (20mL) 
and n-butanol (20mL) and the solvent evaporated in vacuo. The pH of the 
aqueous layer adjusted to 7 with 1M HCI. Again the aqueous phase was 
successively partitioned into DCM and n-butanol and the solvent removed in 
vacuo. Finally the aqueous phase was acidified (pH 1) with 1M HCI, 
partitioned into DCM and n-butanol and the solvent removed as previously. 
The solvent remaining in the aqueous phase was also removed in vacuo. 
Samples from all steps were assayed for activity. 
Acid hydrolysis of the insoluble component of the water extract 

The procedure for acidic hydrolysis closely follows the procedure 
outlined for base hydrolysis. The active, water insoluble, portion of the water 
extract was treated as for base hydrolysis and a portion of the pellet (1 OOmg) 
was subjected to acid hydrolysis as outlined in FIG 16. 
Sonicatlon of the insoluble component of the water extract 

A sample of the active insoluble material was sonicated (20kHz, 
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300W for 10min) in water. Both the soluble and insoluble material were 
assayed. 
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FIG 16 - Acid and base hydrolysis scheme. 



Results and Discussion. 

The aim was to examine analgesic effects of a water extract and 
subsequently purify and characterized the compound(s) responsible for the 
activity. 

Flowers and leaves. 

Aqueous extration of the flowers and leaves resulted in 12.8mg and 

139.6mg of flower and leaf extract, respectively, which were used in a 
formalin assay, as described previously. The results of the assays are shown 
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in FIG 17. 
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FIG 17 - Analgesic activity of water extract of flowers and leaves of S. 

acutangula (x ± SE, n=2). 
The activity of the flowers was very high (-70% inhibition) at 5 mg/kg 
whereas the leaves produced little activity (-18% inhibition) at the same 

dose. 
Method 1. 

The powdered bark was extracted in dH 2 0 to give a crude water extract 
(9.8%). The crude water extract was dissolved in ddH 2 Q at a concentration of 
10 mg/mUkg and assayed for analgesic activity as previously described. 
These results can be seen in FIG 18. 
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FIG 18 - Analgesic activity of crude water extract (x ± SE, n-5). 
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From FIG 18 it was clear that this extract produced a considerable 
reduction in the pain response (78%) when compared to controls (see 
Section A). It can also be seen that the pain response, as measured by the 
formalin assay, is much reduced and confined to the acute stage. However it 
was noted that this extract contained particulate matter, which was approx 
40% of the total weight of the extract. This suspension was filtered and both 
the soluble and insoluble material assayed separately at a dose of 10 
mg/mL/kg. It was found that the analgesic activity was higher (66%) in the 
insoluble material than in the soluble material (45%). However in both cases 
some pain response was observed in the tonic phase of the assay, although 
this was more evident in the water soluble portion of the extract (FIG 18). 

Acetylation of the active water insoluble portion of the water extract 
reduced the activity from 66% to 28% pain inhibition and therefore did not 
prove to be a useful technique in the separation of active constituents. 

-i — Water soluble 
Water Insoluble 




FIG 19 - 
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Analgesic activity of crude water soluble (n=9) and insoluble 
( n =4) portions of the water extract (x ± SE). 



Given these results it appeared that a significant amount of the activity 
was not soluble in water. An attempt was made to extract the activity from 
the insoluble component bark by using a variety of solvents (Table 1). All 
extracts were assayed at 10 mg/kg/mL as previously described. 
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Fv+rartimi solvent 


Pain inhibition (%) 


CHCI 3 :MeOH 


52 


MeOH 


46 


EtOAc 


57 


NH4OH 


45 


DMSO 


64 


DMSO control 


57 


DMF 


47 


MeOH/TFA (0.5%) 


46 


CHCI3 


52 1 



Table 1 - Assay results for various solvent extractions. 



The Merck Index states that DMSO has anti-inflammatory activity, 
has been proposed as an analgesic and has also been used as a penetrant 
carrier to enhance absorption of compounds. Although the DMSO extracts 
were freeze dried some residual DMSO always remained. Therefore it was 
important to determine whether residual DMSO interfered with the assay. 
Although a high dose was used (5%), DMSO was found to reduce the pain 
response by 57%. Therefore in order to avoid any interference, DMSO was 
not considered for any further extraction. Therefore, as can be seen from 
Table 1 , the water extract was at least as active in the mouse formalin assay 
as the extracts from other solvents. As no additional extraction could be 
achieved by the other solvents it was decided to characterise analgesic 
activity in the water extract. 

At this time it was decided to construct a dose response curve for both 
the water soluble and the water insoluble extract and compare the results 
(FIG 20). From these results it can be seen that the amount of extract 
required to reduce the pain response by 50% (ED 50 ) is approximately 36 
mg/kg (soluble) and 5 mg/kg (insoluble). These results, combined with the 
ease of extraction, further supported the decision to concentrate further 
purification effort on the water soluble material. 
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FIG 20 - Dose response curves for water extract (x ± SE, n=4). 
Method 2. 

This method involved a preparative gel permeation separation of the 
water soluble extract Initially five fractions were collected and, with respect 
to the starting H 2 0 extract, the following average yields were obtained, TSK- 
1 0.4%, TSK-2 1 5%, TSK-3 23%, TSK-4 0.7%, TSK-5 20% and an insoluble 
portion (22%). Fractions TSK 1 to 5 were assayed at a crude water soluble 
equivalent dose of 100 mg/kg (/.e. approximately 2.5 times the ED50) and the 
results can be seen in Table 2. 

Although the greatest apparent reduction in the pain response was 
seen in fraction 2 (74%), this required 15.8 mg/kg of material In contrast, 0.7 
mg/kg of fraction 4 was required to produce a 31% inhibition of the pain 
response, suggesting that fraction 4 was approximately ten times as potent 
as fraction 2. However, the small peak which eluted as TSK-4 was often 
obscured by the much more intense peak of TSK-5. Therefore the separation 
effractions TSK-4 from TSK-5 proved to be inconsistent and in subsequent 
separations they were pooled and named TSK-4a. The following average 
yields, with respect to the starting H 2 0 extract, were obtained, TSK-1 1 .7%, 
TSK-2 23%, TSK-3 20%, TSK-4a 16% and an insoluble portion (17%) (FIG 

21). 
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Fraction 


Weight assayed 


Pain inniDition 


mniDition 


number 


(mg/kg) 


(%) 


(%/mg) 


TSK-1 


0.37 


0 


0 


TSK-2 


15.82 


74 


4.7 


TSK-3 


23.16 


45 


1.9 


TSK-4 


0.70 


32 


44.9 


TSK-5 


20.97 


16 

* _ m -mm 


0.8 



Tabto 2 - TSK fractions - yields and activities. 




g 

FIG 21 - Preparative gel permeation column. 

At this point a dose response curve was constructed for fraction TSK- 
4a (FIG 22). This graph showed that an EDso for this extract was 
approximately 1.8mg/kg. This represents an overall purification of the 
analgesic activity some 30 times that of a crude water-soluble extract of the 
bark. 
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FIG 22 - Dose response curve for TSK-4a (x ± SE, n=3). 

Further separation of the active fraction (TSK-4a) was achieved by 
elution from a preparative C18 column with a step gradient of 0, 35, 70 and 
100% MeOH in H 2 0. The resulting chromatogram is shown in FIG 23. 
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FIG 23 - C1 8 separation of TSK-4a. 

The fractions were collected as evidenced by the chromatogram, dried 
in vacuo and assayed. The following average yields, with respect to the TSK- 
4a starting material, were obtained, 0%-MeOH 54%, 35%-MeOH 17%, 70%- 
MeOH 2.4%, 100%-MeOH 0.7% and an insoluble portion 2.2% The dosage 
used for assay was an equivalent to 3 mg/kg of the TSK-4a (approx two 
times ED50). The results of the assays are show in Table 3. 

These results showed activity in all fractions eluted from the column, 
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although the activity eluted at 0% was small in comparison to the other 
fractions. (It was of interest to note that the fraction which eluted in 70% 
methanol sedated the mice whereas the other fractions did not). Attempts to 
further separate each fraction indicated that, as expected, each fraction still 
contained a large number of compounds. 



Fraction 


Weight assayed 


Pain Inhibition 


Inhibition 


(% MeOH) 


(mg/kg) 


<%) 


(%/mg) 


0 


1.3 


80.40 


61.85 


35 


0.27 


80.85 


303.93 


70 


0.21 


97.23 


469.72 


100 


0.24 


91.81 


377.81 



Table 3 - C1 8 preliminary separation of TSK-4a. 



Method 3. 

Using a preparative C18 silica column to separate the activity 
demonstrated in fraction TSK-4a, the number of steps in the gradient was 
increased from four to eleven (10% increments, 0-1 00% MeOH in H 2 0). The 
resulting chromatogram can be seen in FIG 24 and the yields obtained, with 
respect to the TSK-4a starting material, were 0%-MeOH (F0) 61 .5%, 10%- 
MeOH (F10) 3.6%, 20%-MeOH (F20) 3.2%, 30%-MeOH (F30) 2.9%, 40%- 
MeOH (F40) 2.6%, 50%-MeOH (F50) 1.6%, 60%-MeOH (F60) 0.9%, 70%- 
MeOH (F70) 2.4%, 80%-MeOH (F80) 0.2%, 90%-MeOH (F90) 0.1%, 100%- 
MeOH (F100) 0.2% and an insoluble portion 3.1%. 

Again each fraction was assayed and the results can be seen in Table 
4. The results of these assays indicated that the most potent fractions, on a 
% inhibition/mg of extract basis, were those eluted at 70, 80 and 90% MeOH. 

However, it soon became obvious that each of these fractions still 
contained a large number of compounds and that the yields obtained via this 
method were insufficient to supply sufficient pure compound for further 
analysis. It was suspected that cumulative losses during the isolation steps 
resulted in the low yields. Therefore large scale work-up by direct 
chromatography on C1 8 was performed in order to obtain large quantities for 
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further fractionation. 




FIG 24 - C1 8 preparative separation of TSK-4a. 



Fraction 
(% MeOH) 



0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 



Weight assayed 



1.28 
0.25 
0.38 
0.098 
0.21 
0.12 
0.09 
0.04 
0.047 
0.035 
0.047 



Pain inhibition 
(%) 



4.9 

52.5 

91.6 

71.6 

58.9 

70.1 

67.6 

55.3 

53.1 

55.4 

46.3 



Inhibition 
(%/mg) 



4 

210 

241 

730 

281 

584 

751 

1381 

1129 

1582 

985 



Table 4 - Activity of TSK-4a C18 fractions. 



Method 4. 

It was established that most activity was eluted from a C18 column 
using 70, 80 and 90% MeOH as the mobile phase. Therefore the gel 
permeation step was omitted and the water soluble extract was applied 
directly to a C1 8 preparative column after removal of any insoluble portion by 
centrifugation and filtration. The resulting chromatogram is shown in FIG 25. 

The first of the separations which were performed using this method 
used C18 silica which was prepared in the laboratory whereas later 

separations were performed using commercially available C18 packing 
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material (Alltech Davisil). A comparison between the yields obtained using 
both packing materials is shown in Table 4.5 below. 




FIG 25 - Preparative C18 chromatogram of H 2 0 extract 



Fraction Identification 


Yields <%) 


Fraction 
<%MeOH) 


Fraction Name 


Laboratory 
prepared C1 8 


Davisil C18 


Insoluble 


Insoluble 


32 


42 


0 


F0 


40 


32 


10 


F10 


1.3 


2.4 


20 


F20 


1.8 


2.9 


30 


F30 


1.5 


1.2 


40 


F40 


0.5 


0.4 


50 


F50 


0.4 


0.5 


60 


F60 


0.7 


1.3 


70 


F70 


1.1 


2.1 


80 


F80 


0.8 


2 


90 


F90 


0.2 


0.2 


100 


F100 


0.01 


0.01 


Total yield 




[ 80.31 


87.01 



Table 5 - C18 preparative chromatography of H 2 0 extract 
Yields are with respect to the H z O extract starting material. 



As had been previously decided, in order to minimize the number of 
animals used no further testing for analgesic activity was performed. 
Therefore activity in each of the fractions which were eluted from this 
procedure was not confirmed. However, it should be noted that if activity was 
present in tractions which elute from a C1 8 column at 70. 80 and 90% MeOH 
in H 2 0, then it follows that the active constituents will also be found in the 
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same fractions, albeit in lower concentrations, even though prior separation 
steps were omitted. It was on this basis that the investigation continued to 
examine those fractions which eluted with 70, 80 and 90% MeOH in HzO 
from the preparative C18 column. A preliminary 1 H-NMR of all fractions 
suggested that the predominant compounds in the fractions collected were 
saponins and tannins. The tannins were found in the fractions eluting at 
lower MeOH concentrations while the saponins tended to elute at higher 
MeOH concentrations from the C18 column. Initially it was decided to limit 
this investigation to those fractions which eluted with 70, 80 and 90% MeOH. 
However it became apparent that a large number of compounds existed in 
each of these fractions. 
Numbering scheme for collected fractions. 

In order to consistently identify fractions and compounds collected in 
the current investigation, the following numbering scheme was adopted. The 
first three digits identify the percentage methanol that eluted the original 
fraction from a C18 preparative column. The remaining digits identify the 
collected peaks in subsequent fractionations. This is shown diagrammatically 
in FIG 26 for fraction F70.2.5.2. 

Drifd Bark 
I 

Wafer extract 

I 

CI8 fractionation 



F0 F10 F20 F30 F40 F50 F60 F70 F80 F100 

i — \ r " i 1 i . i i i 

F70.1 F70.2 F70.3 F70.4 F70.5 F70.6 F70.7 F70.8 

i — i — i — rH — i — i i 

F70ai F70O2 F70.2.3 F70.2.4 F70.2.6 F70.2.7 F70.X8 

i — r i — i-H — i i i 

F70O5.1 F70O5.2 F70.25.3 F70O5.4 F70233 F7D-2.5.7 F70.Z5iJ 
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FIG 26 - Outline of numbering system compound F70.2.5.2. 
Fraction eluting at 70% methanol (F70). 

The fraction which eluted at 70% MeOH (F70) was further separated 
on a C1 8 semi-preparative (25cm) column using a MeOH:1% trifluoroacetic 
acid (TFA) gradient. The TFA was added to the mobile phase in order to 
sharpen the peaks in the chromatogram. Early separations in the current 
project, which used single wavelength detectors and chart recorders, used 
acetic acid (0.01 M) to improve the resolution. However TFA was chosen for 
later separations after it was determined that residual acetic acid was more 
difficult to remove than residual TFA. It was at this point that the advantages 
of using a photodiode array detector (PDA) became apparent Conventional 
UV detectors are usually able to monitor the separation at a single 
wavelength. However the PDA was able to monitor the separation at several 
wavelengths simultaneously. As an example consider the chromatograms 
shown in FIG 27. In general, saponins have no UV chromophore and are 
more likely to be detected at wavelengths approaching 210nm. However it 
was found that high absorbances could be achieved at 233nm. Indeed a 
separation of the extract could be adequately observed at 254nm Indicating 
the saponins present in the extract contained UV active chromophores. FIG 
26 shows that, at the conditions employed for the separation and employing 
the three wavelengths shown, the extract could be separated into 5 distinct 
fractions. Varying the gradient conditions did not result in further separation 
of the peaks and therefore these five peaks were collected as indicated for 
further purification steps. Table 6 presents the yields obtained and 
preliminary 1 H-NMR results which indicate that no pure compounds were 
isolated at this point. 
Fraction F70.2. 

Fraction F70.1 was not further investigated as 1 H-NMR suggested that 
a considerable carryover from fraction F60 was present. Attempts to 
separate F70.2 (C18 25cm) by altering the percentage of MeOH in the 
mobile phase did not result in further separation of fraction F70.2. A change 
in mobile phase to acetonitrile (MeCN):1% TFA mixtures proved more 
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successful and an isocratic run of 40% MeCN in 1%TFA resulted in the 
separation of this fraction into 8 peaks (FIG 28 and Table 7). 
Analytical separations Preparatory separations 
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FIG 27 - Separation of fraction elating at 70% MeOH (F70), 



j Starting material 


Fractions 

obtained 


Preliminary 'H-NNIR 


~F70" " 

• 


F70.1 - 26.8 % 
F70.2-18.3% 
F70.3-26.9% 
F70.4 - 17.4 % 
F70.5 - 8.6 % 


Mixture 

» 

n 
«i 
it 


Total Yield (%) 


98.0 % 





Table 6 - Separation of fraction F70. 
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Preliminary 'H-NMR showed that fractions F70.2.3, F70.2.4, F70.2.6 
and F70.2.7 were predominantly single compounds and repeated 
chromatography using identical conditions resulted in pure compounds with 
sufficient material to begin structural elucidation. However, on standing, the 
NMR samples in o>DMSO were found to contain minor impurities. This 
suggested that some minor hydrolysis of the compounds was occurring, 
possibly due to residual TFA which was not completely removed on drying. 
As the small amount of impurity present did not interfere with the structural 
elucidation, and the amount of pure compound was small, obtained no 
further attempts to remove the impurity were made. A chromatogram 
showing chromatographic purity of fraction F70.2.6 recorded at 220, 233 and 
254nm is shown in FIG 29. 



Analytical separations 
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FIG 28 - Separation of fraction F70.2 (40%MeCN in 1%TFA). 



Starting material 


Fractions 


Preliminary 'H-NMR 


obtained 




F70.2 


70,2.1-10.0% 


Mixture 






70.2.2 - 6.6 % 






70.2.3 - 8.4 % 


Pure 




70.2.4-11.7% 






70.2.5-17.1 % 


Mixture 




70.2.6-11.7% 


Pure 




70.2.7 - 8.6 % 


it 




70.2.8 - 23.7 % 


Mixture 


Total Yield (%) 


I 97.8% 





Table 7 - Separation of fraction F70.2. 
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FIG 29 - Chromatogram of F70.2.6. 

As previously mentioned purity of all fractions was determined by 1 H- 
NMR, the NMR solvent being cfe-pyridine. However, when the solvent was 
removed by freeze drying, one or more compounds within the fraction were 
found to have reacted with the NMR solvent to produce a bright pink 
complex. This was particularly noticeable with fraction F70.2.2. 1 H-NMR of 
the complex tended to suggest that the compounds in the fraction had not 
altered, however a considerable amount of pyridine remained. Re- 
chromatography of the fraction did not remove the pink colouration and 
attempts to remove the remaining pyridine by prolonged freeze drying or by 
azeotroping the pyridine with a small amount of benzene or toluene were 
unsuccessful. Therefore a repeat extraction was performed to obtain 
sufficient compound for structural elucidation and all subsequent NMR 
spectra were obtained with de-DMSO as the solvent. 

Fraction F70.2.1 was not fractionated further as H-NMR suggested 
that it consisted largely of compounds carried over from fraction F70.1. No 
further separation of fraction F70.2.2 was possible using C1 8 or C8 columns 
with Me OH or MeCN in either H 2 0 or 1% TFA as the mobile phase. 
However, preliminary 1 H-NMR indicated the presence of aromatic signals. 
Separations using phenyl bonded silica are based on p interactions. 
Therefore a phenyl column (5 cm) was used to separate fraction F70.2.2 into 
eight fractions as shown in FIG 30 and Table 8. Although the fractions 
obtained from F70.2.2 were mixtures, peaks F70.2.2.3, F70.2.2.6 and 
F70.2.2.7 were predominantly single compounds by 1 H-NMR. However 
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insufficient material was available to re-chromatograph the fractions in order 
to obtain enough pure compound for structural elucidation. 
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FIG 30 - Separation of fraction F70.2.2 at 254nm (left) and 233nm (right). 

Of the remaining peaks, only F70.2.5 was obtained in sufficient 
quantity to attempt further separation. Attempts to separate F70.2.5 using 
C18 and C8 columns were unsuccessful while phenyl bonded silica (5cm) 
resolved F70.2.5 into eight peaks using a MeOH in 1% TFA gradient (FIG 
31). 



Starting 
material 


Fractions 
obtained 


Preliminary 
NMR 


'H- 


F70.2.2 






Mixture 




70.2.2.1 - 


• 16.5 % 








70.2.2.2 - 


-10.2% 


ii 


• 




70.2.2.3- 


-13.7% 


PSC 






70.2.2.4 - 


- 9.2 % 


Mixture 






70.2.2.5 - 30.5 % 


n 






70.2.2.6 - 


- 5.7 % 


PSC 






70.2.2.7 - 


- 6.6 % 


it 






70.2.2.8 • 


- 5.4 % 


Mixture 




Total Yield (%> 


I 97.8% 





Table 8 - Separation of fraction F70.2 (PSC = Predominantly single compound). 
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FIG 31 - Separation of fraction F70.2.5 at 220nm (left) and 233nm (right). 



Starting 
material 


Fractions 
obtained 


Preliminary 
NMR 


'H- 


F70.2.2.5 






Mixture 




70.2.5.1 - 


•13.7% 








70.2.5.2 - 


-10.0% 


Pure 






70.2.5.3 - 


-3.5% 


PSC 






70.2.5.4 - 


-9.6% 


Mixture 






70.2.5.5- 


-4.4% 


PSC 






70.2.5.6 - 


-8.1 % 


ii 






70.2.5.7 • 


- 5.0 % 


Mixture 






70.2.5.8 - 


-7.0% 


ii 




Total Yield (%) 


61.3% 





Table 9 - Separation of fraction F70.2.5 (PSC = Predominantly single compound). 

Totai yield for this fraction was lower than expected from previous 
separations. However it was noticed that F70.2.5 did not completely dissolve 
in MeOH and therefore some material was lost during filtration. Of the eight 
peaks obtained from F70.2.5 only F70.2.5.2 was isolated in sufficient purity 
and quantity to attempt a structural assignment. Peak F70.2.5.3 was also 
isolated in sufficient quantity, however the peak contained two compounds 
by 1 H-NMR which could not be further resolved. Although by 1 H-NMR peaks 
F70.2.5.5 and F70.2.5.6 were predominantly single compounds, they were 
found to contain several compounds when further fractionation was 
attempted. Consequently insufficient material was available for structural 

elucidation. 
Fraction 70.3. 

As was the case with F70.2, fraction F70.3 could not be satisfactorily 
separated using MeOH/1 % TFA mixtures. Again MeCN in 1% TFA gradients 
were used and F70.3 was separated into seven fractions (FIG 32 and Table 
1 0) using a semi-preparative C1 8 silica (25 cm). Again the separation could 
be monitored successfully at 233nm 
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FIG 32 - Separation of fraction F70.3. 
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NMR 
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70.3.1-24.8% 
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Mixture 

n 

Pure 

Three compounds 

Mixture 

PSC 

Pure 

PSC 

Mixture 




Tola. Yield (%) 


97.3% 
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Although no compounds were 100% pure by HPLC or 1 H-NMR at this 
stage, repeated chromatography using identical conditions allowed the final 
isolation of five peaks (F70.3.2, F70.3.5, F70.3.6 and F70.3.7). FIG 4.18 
shows chromatograms effractions F70.3.5 and F70.3.7 indicating the peaks 
which contained pure compounds as shown by 1 H-NMR immediately after 
drying the samples. It should also be noticed that even though the peak 
isolated as F70.3.7 appeared to be pure by 1H-NMR and by HPLC, the 
compound appeared to decompose, producing peaks which eluted at the 
same retention times as F70.3.6 and F70.3.5 (FIG 33). 

Using MeCN/1% TFA as the mobile phase on a C1 8 column (25 cm), 
F70.3.4 was separated into eight peaks as shown in FIG 34 and Table 1 1 . In 
all eight peaks were collected, however only compounds F70.3.4.2 and 
F70.3.4.5 were obtained in sufficient quantity or purity to allow structural 
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assignment 
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FIG 33 - Chromatograms of F70.3.5 and F70.3J 
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FIG 34 - Analytical separation of fraction F70.3.4 at 254 and 233nm. 
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Starting 
material 



F70.3.4 



Fractions 
obtained 



Preliminary l H-^ 
NWR 



70.3.4.1- 33.6% M 

70.3.4.2- 13.9% PSC 

70.3.4.3 - 8.9 % M 

70.3.4.4- 9.1% PSC 

70.3.4.5- 3.6% M 

IQiai Yteia i-iof | 691% 1 ; ; " 

Tab |e 11 - Separation of fraction F70.3.4 (PSC = Predominantly single oompounti) 
The 1 H-NMR of fraction F70.3.3 showed that it consisted of three 
major compounds. This peak was subjected to further chromatography in 
order to separate these compounds however no further resolution could be 

obtained. 
Fraction F70.4. 

An Initial separation of F70.4 was achieved using a 70%MeOH/1% 
TFA gradient on a C1 8 semi-preparative column (25 cm) (FIG 35 and Table 
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12). As can be seen fraction F70.4.2 consisted of a single, large peak which 
upon closer examination, by both HPLC and 1 H-NMR, was found to consist 
of several compounds. Further separation of F70.4.2 was not obtained with 
C18 or C8 columns using MeOH or MeCN gradients and as 1 H-NMR showed 
the presence of aromatic protons in F70A2 a phenyl column (5 cm) was 
used. An isocratic mobile phase of 35%MeCN in 1 % TFA separated F70.4.2 
into four major peaks (FIG 36 and Table 13). 
Analytical separation Preparative separation 




Bused time (mta> *lmt (oId) 

FIG 35 - Separation of F70.4. 
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F70.4 




Mixture 




70.4.1 -7.8% 






70.4.2 - 62.5 % 


PSC 




70.4.3-16.5% 


n 


Tata! Yield (%) 


86.6% 





Repeated chromatography using identical conditions led to F70.4.2.2, 
F70.4.2.3 and F70.4.2.4 being obtained in sufficient quantity and purity to 
begin structural assignment It was obvious from the FIG 35 and also from 
1 H-NMR that F70.4.3 contained more than one compound. No improvement 
in separation of this fraction could be achieved using C18 or C8 reverse 
phase columns with MeOH or MeCN gradients, however a phenyl column (5 
cm) again provided the separation. Although a separation could be obtained 
using either MeOH or MeCN gradients as the mobile phase, the separation 
obtained using MeCN in 1% TFA gradient provided better resolution of the 

peaks (FIG 37 and Table 13). 
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0.60-t 




F70.4.2.1 



I 1 


















d 













F70.4.2 



70.4.2.1- 34.1 % 

70.4.2.2- 113% 

70.4.2.3 - 34.3 % 

70.4.2.4 - 9.4 % 



89.1% 



Mixture 
PSC 

n 



Two compounds 



Tota Yield (%) o»« 1 i ■ ■ . 

TabIe 12 ' Separation of fraction F70.4.2 (PSC = Predominantly single compound). 

As can be seen from the chromatogram in FIG 37, F70.4.3.1 was, 
as expected, a mixture of compounds. At least five peaks were observed 
in the chromatogram. however further separation on this fraction was not 
attempted. Repeated chromatography using identical conditions of 
fractions F70.4.3.2, F70.4.3.4 and F70.4.3.5 enabled these fractions to be 
obtained in sufficient quantity for structure elucidation. Fraction F70.4.3.3 
was a mixture of mainly two compounds, however these compounds 
could not be successfully separated. 

Analytical separation Preparative separation 

0.«H 



a 



0.30- 
0.15- 
0.00+ 
-0.1$ 




*~V-35 > 
McCNOQtoiKtfA 
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Elapsed time (mln) 

FIG 37 - Separation of F70.4.3. 
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Starting 
material 


Fractions 
obtained 


Preliminary 'H-NMR 


F70.4.3 






Mixture 




70.4.3.1 - 


31 .6 % 






70.4.3.2 - 


- 6.1 % 


PSC 




70.4.3.3 - 


-6.6% 


Mixture 




70.4.3.4 - 


22.3 % 


ii 




70.4.3.5- 


18.3% 




Total Yield (%) 


84.9% 





Fraction F80. 

Preliminary separation of F80 was achieved using a C18 reverse 
phase column (25cm), the chromatogram is shown in FIG 38 and the yields 
in Table 14. Although six peaks were collected initially, it was noticed that 
F80.2 and F80.3 were unstable as evidenced by the loss of these peaks in 
the chromatogram over time (FIG 38). Consequently it was not possible to 
obtain structural information of these compounds. 



Starting 
material 


Fractions 
obtained 


Preliminary 'H-NMR 


F80 




Mixture 




80.1-27.7% 


it 




80.2-1.3% 


n 




80.3-1.3% 


ii 




80.4-21.9% 


n 




80.5 - 14.3 % 


PSC 




80.6 - 25.8 % 


Mixture 


Total Yield (%) 


92.3% 





Table 14 - Separation of fraction F70.4.3 (PSC = Predominantly single compound). 



rlOO 



§ 



JB 
< 
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Elapsed time (mi a) 



25 50 
Elapsed time (mfn) 



FIG 38 - Preparative chromatograms showing loss of peaks F80.2 & F80.3. 

The peak which eluted as F80.4 clearly contained more than one 
compound as evidenced by the chromatogram and confirmed by 1 H-NMR. 
No further improvement in the separation of this fraction was obtained using 
MeOH or MeCN gradients using a 25cm C18 column. However a change to 
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the shorter C18 column (5cm) enabled a separation of the fraction into six 
peaks using a MeCN/1% TFA gradient (FIG 39 and Table 15), The peak 
which eluted at F80.4.5 was subjected to further chromatography under 
identical conditions to yield a single pure compound (F80.4.5.2). 

Repeated chromatography of F80.5 using identical conditions (C18 25 
cm) resulted in the purification of a single compound. 




30 

Hapscdtime (mtn) 




15 20 23 30 33 
Elapsed time (uln) 



30 



FIG 39 - Preparative chromatograms of F80.4. 



Starting 
material 
F80.4 



Total Yield (%) 



Fractions 
obtained 



80.4.1 - 25.9 
80A2 - 7.9 % 
80.4.3-13.4% 
80.4.4 - 27.5 % 
80.4.5-6.6% 
80.4.6 - 18.0 % 



97.3% 



Preliminary H-NMR 



Mixture 
ii 



PSC 



Table 1 5 - Separation of fraction F80.4 (PSC = Predominantly single compound). 

Although chromatographically F80.6 appeared to be a single 
compound, 1 H-NMR suggested that this fraction was a mixture of several 
compounds. The presence of aromatic signals in the 1 H-NMR of F80.6 
suggested that a phenyl bonded silica column (5 cm) would be useful. Both 
MeOH and MeCN in 1% TFA were employed as mobile phases and it was 
found that the best separation was obtained with an isocratic gradient (40% 
MeCN in 1% TFA). This allowed the separation of F80.6 into eight fractions 
(FIG 40 and Table 16). From these eight peaks It was possible to obtain five 
pure compounds (F80.6.2, F80.6.3, F80.6.4, F80.6.6 and F80.6.7) in 
sufficient quantity to attempt a structural assignment. 
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Preparative separation 
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FIG 40 - Separation effraction F80.6 using a phenyl reverse phase column. 



Starting 
material 


Fractions 
obtained 


Preliminary 'H-NMR 


F80.6 




Mixture 




80.6.1 - 19.3 % 






80.6.2-11.7% 


PSC 




80.6.3-28.4% 


it 




80.6.4-13.4% 


n 




80,6.5 - 9.7 % 


Mixture 




80.6.6 - 4.7 % 


PSC 




80.6.7-2.6% 


ti 


Total Yield (%) 


89.8% 





Summary. 

The current project isolated 21 major and minor peaks to either purity 
or to sufficient purity to be able structural elucidation of the compounds. 
Table 17 shows the compound numbers and weights isolated. Before 
structural elucidation was commenced each of the compounds were checked 
by HPLC, under identical conditions to those in which they were isolated, in 
order to confirm their state of purity. 

As can be seen from the previous discussion, in addition to the 
compounds shown in Table 17, a large number of fractions were isolated 
during the course of the current project. Many of these fractions contained a 
large number of compounds as evidenced by 1 H-NMR and by the 
appearance of the chromatograms {i.e. a number of unresolved peaks). 
Several of these peaks appeared to contain only a small number of 
compounds, in some cases only one or two, as determined by H-NMR. 
However, insufficient plant material was made available to continue 
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purification of these fractions. Table 1 8 presents some information on those 
fractions which would merit further investigation should more plant material 
become available for future work. 



Compound 



F70.2.3.2 
F70.2.5.2 
F70.2.6.2 
F70.3.2 
F70.3.3.2.2 
F70.3A2 
F70.3.4.5 
F70.3.5 
F70.3.6 
F70.3.7 
F70A2.3 



Weight 
isolated 



Compound 



F70.4.2.4.2 
F70.4.3.2.2 
F70A3A2 
F70A3.5.2 
FB0A5.2 
F80.5.2 
F80.6.2 
F80.6.3 
F80.6.4 
F80.6.6 
F80.6.7 



Weight 
isolated 

_JmaL_ 



Table 17 - Compounds isolated in the current project. 



, Number 


weigm 
(mg) 


F70.2.1.2 


6.8 [ 


F70.2.1.3 


1.1 


F70.2.1.4 


1.0 


|F70.2.1,5 


4.8 


IF70.2.2.2 


3.2 


IF70.2.2.3 


4.3 


If70.2.2.4 


2.9 


If70.2.2.5 


9.6 


F70.2.2.6 


1.8 


If70.2.2.7 


2.1 


[F70.2.2.8 


1.7 


IF70.2.3.3 


| 2.8 


I F70.2.3.4 


2.8 


1F70.2A2 


10.5 


IF70.2A3 


13.3 


IF70.2.5.3 


7.7 


IF70.2.5.4 


12.3 


If70.2.5.5 


2.4 


F70 .2.5.6 


4.4 


If70.2.5.7 


' 2.7 


F70.2.5,£ 


J 3.8 


F70.2.6.2 


} 5.3 


F70.2J.S 


> 5.3 


F70.3.4.: 


3 7.8 


F70.3A' 


ill 8.0 



+ve ion 



Major ESMS peaks 
-ve ion 

1504,1156,1042,927, 809, 363 
1471,1396, 908, 793, 363 
1286, 1076, 907, 794 
961,831.697, 616, 539, 403 
1601, 1422, 1218, 909. 776, 652 
1443, 1328, 1127, 1056, 403, 363, 

249 

1140, 953, 777, 538, 403 



1230,1108, 
361 



1337, 1197, 1083, 1046, 931, 517 
1334, 1198, 1083, 363, 249 

1198,1084, 516, 363 
1197,1036, 807, 632, 517 
1060, 1035, 517 



1346, 1324, 

1234 
1444, 1421, 
733, 361 



1322, 1299, 1210 
1398 



Comments 

m" 

US 
US 
M 
M, B,T 

PSC, 2B 
M 
M 

PSC, 2B 
PSC, 1B 
2B 
M.B's 
US 

PSC.T 
M, PS 
|2 compounds] 
M 

PSB, 2B 
PSC, 1B 
M 
M, 3B 
US. PS 

M, B's 

PSC, 2T 
M, 2B. T 
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Number 


Weight 1 
(mg) 




1fi 1 


F70.4.2.2 


28.1 


F70.4.2.4 


23.2 


F70.4.3.3 


8.3 


F70.4.4 


160.0 


F80.2.2 


15.5 


F80.2.3 


7.9 


F80.3.2 


13.6 


F80.3.3 


6.4 


F80A2.2 


2.4 


F80.4.3 


23.4 


F80.4.4 


58.1 


F80.4.6 


13.9 


F80.8.5 


12.0 


F80.6.8 


8.4 


F80.7 


153.0 



Major ESMS peaks 



+ve Ion 

1170, 1147, 
361 



-ve Ion 

1420, 403 

1146, 1124 



1169,1146.1124, 462 



1442, 1252. 1168,363 
1168. 1145 



Comments 

US, PS 

PSC, 2T 
M, B*s, T's 
M, 1B, 1T 
M, B's, Ts 
PSC, 2B 
M.1B 
M, B's 

US 
PSC, 1B 
M, B's. Ts 
M, B's, Ts 

M, B's 
M, B's, Ts 
M. B's 
M. B's 



laoie io - rrauuuno wwcviw »■ 

about the compounds in those fractions. 

(M = Mixture, B = Benzoate, T = Tlglate, PSC = Predominantly Single Compound, US 
Insufficient material for clear spectrum, PS = Plasticiser present). 



SECTION C - COMPOUNDS STRUCTU RAL ASSIGNMENT 
Introduction* 

The assignment of a structure as a saponin requires identification of 
each of the component parts of the molecule and the sequence in which they 
exist. These considerations can be expressed as follows :- 

- the structure of the genuine aglycone 

- the number of sugar residues 

- the nature and sequence of the sugars in the monosaccharide chain 

- the anomeric configuration of each sugar unit 

- the configuration and conformation of the interglycosidic linkage 

- the attachment of the carbohydrate chain to the aglycone 

- the nature and position of any acid in the molecule [1 , 2, 6]. 
However it should be noted that although it is possible to obtain complete 
structures of saponins using NMR alone, confirmation of the assignment 
should, where possible, be provided by other methods. 

Structural elucidation was carried out using known UV, IR, MS and 
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NMR analysis. 

Fraction F70.3.6 - Chemical Elucidation 

One of the first compounds isolated in the current work was F70.3.6, 
which was obtained in relatively large yield (152.6mg). The following is a 
summary of the techniques and methods used to assign a structure to 
F70.3.6. 

Materials and methods. 

The materials and methods used for the isolation and structural 
elucidation of F70.3.6 are presented in detail in Section B. 

Hydrolysis was achieved by refluxing a iOmg sample in 1M HCI 
(Ajax). The solution was cooled and extracted with three 5mL volumes of 
dichtoromethane (DCM). The aqueous layer was neutralised with Ag 2 C0 3 
and filtered. Several mobile phases were tried to give a separation of the 
sugars and a chloroform (CHCI 3 ):MeOH:acetic acid (AcOH):H 2 0 (7:3:1 :0.5) 
mixture proved successful on silica TLC plates (FIG 41). Standard sugar 
solutions used were p-D-glucuronic acid, p-D-fucose, p-D-glucose, a-L- 
arabinose, p-D-galactose, o-L-rhamnose, p-D-galacturonic acid and p-D- 
xylose. 



FIG 41 - Standard sugars used 
for TLC 




The TLC plates were developed with a phenol-sulphuric acid solution 
(dissolve 3g phenol and 5mL 97% H 2 S0 4 in 95 mL ethanol). The plates were 
dipped in the solution and heated at 110°C for until spots visualise (10-15 
minutes). 

Instrumentation, 

The methods and instrumentation used for NMR and ESMS are 
presented in detail in Section B. Compound F70.3.6 was also subjected to 
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fast atom bombardment (FAB) MS in both positive and negative ion mode 
(Kratos Concept ISQ High Resolution/Quadrupole Tandem Mass 
Spectrometer, Central Science Laboratory University of Tasmania). The 
matrix used was meta-nftro benzyl alcohol (MNBA). 

Sub-fractions from 70.2.5 were analysed and assigned 
structures through the use of spectra, in particular the 1 H, 13 C and 1 H, C- 
gHSQC (gHSQC), in a manner similar to that used above for fraction 
70.3.60. The resultant structures fall within three categories, aglycones, 
monodesmosides and bidesmosides. The description of their structures 
begins with the aglycones. Where sugar residues in the mono- and bi- 
desmosides had identical structures and relative stereochemistry to F70.3.6, 
the absolute stereochemistry was also assumed to be the same. 
UV spectrum . 

Little structural information could be determined from the UV (Figure 
42) or the FTIR (Figure 43) spectra. The UV spectrum shows two strong 
absorbances at 205.9 nm (Abs. = 1.78. e = 11226) and 229.8 nm (Abs. = 
2.28, ,e= 14430) and two weaker absorbances at 274.6 nm (Abs. = 0.17, .e- 
1076) and 280.0 nm (Abs. = 0.14, * = 886) (Figure 41). These absorbances 
are consistent with K bands transitions) and B bands in an aromatic 
system. 



3 
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275 300 325 350 375 400 
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FIG 42 - UV spectrum of F70.3.6 
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FTIR spectrum. 

The FTIR of a thin film of neat compound is shown in FIG 43. The 
broad band centred at 3400 cm" 1 indicates O-H stretch and the group of 
peaks between 2820 and 3000 cm" 1 suggest C-H stretch. Ester carbonyl 
stretch was shown by the strong peaks at 1723 and 1709 cm' 1 , while C-O 
stretch was seen between 1275 and 1039 cm" . 
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FIG 43 - FTIR spectrum of F70.3.6 

NMR methods. 

Initially it was decided to use NMR solvents which were reported in the 
literature, principally methanol (MeOH-d,) and pyridine-cfe. However it soon 
became apparent that both solvents presented problems with the saponins 
isolated in the current work. The two problems encountered with MeOH-d, 
were solubility and the loss of exchangeable protons. Several of the 
saponins which were isolated were not soluble in MeOH-ck and of those that 
were, several precipitated in the NMR tube over time. The presence of a 
large number of overlapping signals in the 1 H-NMR spectrum did not allow 
for assignment of many signals, in particular those which were due to the 

carbohydrate moiety. 

Signals due to exchangeable protons may contribute to or complicate 

the overall structural information. However in this instance it was decided 
that exchangeable protons may assist in the final structural assignment, 
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although more information was added to an already complex spectrum. 
Therefore pyridine-05, which seems to be the solvent of choice in the 
literature, was investigated. However the solvent signals tended to overlap 
the aromatic signals in the spectrum. Removal of the solvent also proved 
problematic. The solvent was removed in vacuo by freeze drying, however a 
substantial amount remained, even after several days. The solvent also 
appeared to react with some of the compounds to produce a bright pink 
complex. It was not clear from the 1 H-NMR whether the compound itself had 
undergone any changes but it could be seen that a significant amount of 
pyridine remained. The addition of a small amount of benzene or toluene to 
azeotrbpe the pyridine, either by rotavap or freeze drying, did not resolve the 
problem. 

Finally it was decided to use dimethyl sulfoxide (DMSO-d 6 ) as the 
NMR solvent, although little literature information was available for 
comparative purposes. The 1 H-NMR spectrum of compound F70.3.6 in 
DMSO-d« can be seen in FIG 44. The spectrum can be broadly divided into 
three regions. The first most shielded region (60.00 - 62.20) is predominantly 
associated with methyl signals. Six methyl singlets are evident in this region 
at chemical shifts of 60.71 (3H). 60.79 (3H). 60.84 (3H), 60.94 (3H). 60.97 
(6H) and 61 .33 (3H). 
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FIG 44 - 1 H-NMR for compound F70.3.6 
The second region (52.20 - 66.00) contains protons in close proximity 
to carbons bearing oxygen, notably four doublets characteristic of anomeric 
protons at 67.43, 67.52, 67.59, 67.66, 67.89 and 67.94. Finally the third, 
most deshielded region (67.40 - 88.00), indicates six aromatic protons at 
57.43, 67.52, 67.59. 57.66. 67.89 and 67.94. 

The 13 C spectrum (FIG 45) was less crowded than the 1 H spectrum 
and readily allowed identification of several carbon types. These included 
five carbonyl carbons (6164.2, 6164.3, 6168.5, 6169.6 and 6171.9), two 
olefinic carbons (6121.6 and 6141.7), eight aromatic carbons (6127.8, 
6127.9, 6128.4, 6128.5, 6129.1, 6129.5, 6132.5 and 6132.8) and four 
anomeric carbons (6101.8, 6102.4, 6102.8 and v103.4). 
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FIG 45 - "C-NMR for compound F70.3.6 



Each region of the compound of F70.3.6 was analysed using 1 H, 1 H- 
dqfCOSY (dqfCOSY) and 13 C-gHMBC (gHMBC) spectral analysis. 

The assignment of chemical structures, including stereochemistry, 
were based on the NMR and other spectra obtained were carried out using 
known techniques. The fraction of F70.3.6 was assigned the structure of FIG 
46, shown below. 




FIG 46 - The complete assignment of F70.3.6 
<3-O-0-D-xylopyranosyl(1 - 3)-[fi-D-galactopyranosyl(1 -2)]-p-D- 

arabfnopymnosylJ-22-O-acetyl bamngtogenol C) 
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M gtt « Spectrometry. 

The structure of F70.3.6 was determined by 1D and 2D NMR 
techniques, however supporting evidence for the structure was necessary. 
Although the UV and FTIR spectra gave some support for the assignment by 
indicating the functional groups present in the molecule, mass spectrometry 
(MS) better enabled confirmation of the assignment. This was poss.ble by 
comparing the mass of the molecule as determined by high resolution MS 
and structure as assigned by NMR. Furthermore the mass of fragments 
produced in the MS also supported the NMR based structure. 

information in both positive and negative ion modes was obtained 
using electrospray (ES) as the ionisation source. Electrospray is a soft 
lonisation technique and use of ES ensured that minima, fragmentation of 
the molecule occurred under normal running conditions. The determ.nat.on 
of an accurate mass was also possible using high resolution ES-MS. It was 
found that in positive ion mode the molecular ion was not as pronounced as 
in negative ion mode however more fragmentation was observed in posrt.ve 
ton mode, it is not uncommon for compounds in ES to form adductsjn 
particular with sodium in positive ion and chlorine in negative ion mode. Th.s 
needed to be considered when assigning any peaks in the MS to fragments^ 
The literature reports most MS in negative ion mode for saponins and 
therefore this was the first mode investigated. The negative ion high 
resolution (HR) ES-MS showed all peaks as pairs indicating me 
rnonoisotopic mass and the mass of the compound conta^one , C <F» 
47). The parent ion presented as two peaks at mtz values of 1441.6472 and 
1442.6529. This mass is consistent with a molecular formula of 
(calcuiated 1442.6507) which supported the structure as assigned by NMR 

methods. 
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FIG 47 - Negative ion HR-ESMS Of F70.3.6 (insets show detail of molecular Ion) 



STRUCTURAL ELUCIDATIO N OP OTHER FRACTIONS 

Other fractions where analysed in a similar manner to F70.3.6 above 
and the following compound structures were elucidated. 
Aalvcones. 

Compound F70.2.5.2: - This compound was isolated as 7.2 mg of an 

amorphous white powder. 

A compound related to F70.2.5.2, ao.Sp.iga-trihydroxy-olean-^-ene- 

23,28-dioic acid 28-O-B-D-glucopyranoside, was previously isolated from 
Bamngtonia acutangula [1]. This compound differs from F70.2.5.2 in that the 
acid at Ca, has a glucopyranoside moiety. Therefore the present compound 
is 2a 3p, 19a-trihydroxy-olean-12-ene-23, 28-dioic acid (FIG 48). 

FIG 48 - Compound F70.2.5.2 
(2a, 3p, 19a-trihydroxy-otean-12-ene-23, 

28-dioic acid) \ P^cooh 




COOH 
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A second aglycone (F70.2.5.3) was isolated in the current project as 
1 4 mg of a white substance. The mass ofthe compound was mfz 485.2912 
([M - 1D which is consistent with the molecular formula CWfaOs 
(calculated' mfz 486.3345). This suggests the loss of two hydroxyl groups 
from F70.2.5.2, however insufficient material could be obtained to prov.de 
further structural information. 

M^H^nsides - The monodesmosidic compounds described ,n the 
following section are grouped according to the functionalities present at C 2 i 

and C22 of the aglycone. 
Benzoate t >* Cg and hydroxy! at C 



Compounds F70.2.3.2 and F70.3.2 were shown to have a benzoate 
moiety at C 21 and a hydroxyl group atC*. Both were isolated as amorphous 
white solids in low yield (8.5 and 26.3 mg respectively). 



OOH 






"OH 
CHjQH 



OH 



FIG 49 - Compound F70.2.3. 
^ucumnopymnos^l -O-benzoyl bamngtogenol C) 



66 



OOH 





-OH 
OCOCH, 



FIG 50 - Compound F70.3.2 
3-O-fJ-D-xylopyranosyKI *3)-[pD^alactopywnosyl( 1 
^Lnoov£nosvl-21-0-benzoyl-28<>-acetyl bamngtogenol C) 



glucuronopyranosyl-2 1 

Benzoate a* c r and fep -hutvrate C». 
Compound F70.3.4.2 - This compound was isolated 
amorphous white powder. 



as 11-7 mg of an 




FIG 51 - Compound F70.3.4.2 

Benzoate at both C* and C a : Compounds in this group each had a 
benzoate functionality at both C 2 i and C*. Four such compounds were 
isolated in the current project. Each of the four compounds were isolated 
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as amorphous white substances and the weights were F70 .4.3.5.2 (2.7 
mg), F70.4.2.4.2 (4.9 mg), F80.6.4 (11.7 mg) and F80.6.7 (3.9 mg). 




FIG 52 - Compounds F70.4.3.5.2/F80.6.7 
(3-O-0-D-xylopymnosyl(1*3WD^alactopyranosW 
^ethylglucuronopyranosyl-^-O-dibenzoyl bamngtogenol C) 



COOH 





FIG 53 - Compound F80.6.4/F70.4.2.4.2 
(3-0-fi-D-xyio P yran°syl(1 ^3)-[^D^alactopymnosyl(1^-^- 
glucumnopyranosyl-21, 22-O-dibenzoyl bamngtogenol C 

Benzoate at C* and tiglate at C*. - The compounds in this group were 
characterised by a benzoate at C 2 i and a tiglate at C*. Four such 

compounds were isolated in the current project, each as an amorphous 
white mass, F70.4.2.3 - 42.7mg; F70.4.3.4.2 - 6.4mg; F80.6.3 - 25.8mg; 
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F80.6.6 - 4.3rng. 



10 




FIG 54 - Compound F70.4.3.4.2/F80.6.6 
(3-O'0-D-xylopyranosyl(1 ^3)-[fi-D-galactopyranosyl(1^]-P-D- 
m eftyS/^^irono^2t-C>.i»en Z o^22-0-ife(toy* bamngtogenol C) 




CHiOH I 
-•OH 



FIG 55 - Compound F70.4.2.3/F80.6.3 
(3-0-pD-xyhpyranosyl(1*3HPD^aiactopymno^ 
{ ^u%nopy^osyl-21^bernoyl-22-0-tigloyl bamngtogenol C) 

Tiglate at both C 2 i and C* - The two compounds isolated in this series, 
F70.4.3.2.2 (2.8mg) and F80.6.2 (7.4mg) were characterised by tiglate 
groups at both C21 and 
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COOCHj 





CHiOH 



FIG 56 - Compound F70.4.3.2.2 
13 o-3-D.xvlopyr*nosyl(1 *3)-[jH>-galactopyranosyl(1 ^tPy- 
^^^mpy^^^Tl-O^W oamngtogenol C) 




FIG 57 - Compound F80.6.2 

Additional compounds: 

Fraction F70.3.3 was Isolated as 47.8mg of an amorphous white mass 
which was shown to contain several compounds by 10 and 20 NMR 
Cra, attempts to resoive these compounds rested in the coUectton of 
6 6mg of fraction F70.3.3.2.2, which still contained three compounds by 1D 

and 2D NMR. However it was possible to assign the structure of one of these 

compounds using a similar approach as for the other compounds. 
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FIG 58 - Compound F70.3.3.2.2b 
glucumnopyranosyh22-0-benzoyl bamngtogenol C) 
Bidesmosides - Several compounds which had a sugar moiety at C 2i were 
isolated in the current project. In all instances this sugar was assigned as an 

arabinose. . . 

Compound FTO.2.6.2: In comparison to the other compounds .solated in 

the current project a relatively high yield was obtained for F70.2.6.2. Th.s 

compound was isolated as 38.5mg of an amorphous white powder. 






""•"COOCHj 
CHjOH 



OH 



FIG 5« - Compound F70.2.6.2 
(3 o-B-D-xvlopyranosyl(1 ->3)-[ft-D-galactopymnosyl(1 *QhPf 

9 acetyl bamngtogenol C) 

Compound F70.3.4.5: A smai. quantity (2.7 mg) of F70.3 A5 was isolated 
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as an 
FIG 60. 



amorphous white compound. The structure of F70.3.4.5 is shown in 




FIG 60 - Compound F70.3.4.5 
(3-O-0-D-xylopyr3nosyl(1 ^3Hf^D-galactopyranosyl(1 •*WhP*^ 

9 acetyl bamngtogenol C) 



Compound F70.3.S.2: 

This compound was isolated 

compound. 



12.2 mg of an amorphous white 




FIG 61 - Compound F70.3.5a 



f3-O-0-D-xylopyi*nosyl(1 ^3Hp-D-galactopyrano&yl(1 f^J-fi-D- 

ambinopyrvnosylJ-22-O-acetyl bamngtogenol C) 
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FIG 62 - Compound F70.3.5b 
(3-O-0-D-xylopyranosyl(1 ^H^alactopyranosyC Jg^. 

9 Zn>binoDvranosylh22-0-acatyl bamngtogenol C) 



Compound F70.3.7.2: 




FIG 63 - Compound F70.3.7.2 
baningtogenol C) 
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Compounds F80.4.5.2 and F80.5.2: 

These compounds were isolated as 2.8 mg (F80.4.5.2) and 20.1 mg 
(F80.5.2) of amorphous white masses. 





OH 




""•COOCIlj 
CHjfOH 



FIG 64 - Compound F80.4.5.2/F80.5.2 

9 ambinopyranosyq-28-O-acetyl bamngtogenol C) 

Summary 

This section summarises the structural assignment of the compounds 
isolated in the current project. In all one aglycone. ten monodesmosides and 
six bidesmosides were isolated and characterised. A search of the available 
literature based on either structure or molecular weight failed to find any of 
the mono- or M- desmosides and they are at the time of writing assumed to 
be novel structures. The aglycone is, as mentioned a known structure from 
Bamngtonia acutangula. There were many minor compounds in the extracts 
which also need to be characterised (see previous section). This would be 
facilitated by the collection of a substantial amount of bark and large scale 
preparative chromatography. 
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the test compounds F70.3.2 and F70.3.6. produce pain-relieving effects m a 
rat model of inflammatory pain. 

METHODS 

Animals .„„ 

Adult male Sprague-Dawley rats were housed in a temperature 

controlled room (21 ± 2° C) with a 1 2hf1 2h light/dark cycle and free access to 
both food and water. Ethical approval for this study was obtained from the 
Animal Experimentation Ethics Committee of The University of Queensland. 

Reagents and materials 

isoflurane (Forthane®) was obtained from Abbott Australas.a Pty Ltd 
(Sydney, Australia). Sodium benzylpenicillin vials (600 mg) were purchased 
from CSL Ltd (Melbourne, Australia). Norma, saline ampouies were obto.ned 
from Delta West Pty Ltd (Perth, Australia) and heparinised saiine (50.U/5 
ml) was purchased from Astra Pharmaceuticals Pty Ltd 

Single lumen polyethylene tubing (LD. 0.5 mm, O.D. 1 .00 mm) was 
purchased from Auburn Piastics and Engineering Pty Ltd (Sydney, Austral^ 
Sterile siliconized silk sutures (Dysilk™) were obtained from Dynek Pty Ltd 
(Adelaide, South Australia). 
■nHurfinn of hl-«r g "' »"fl"mmation 

inflammation of the rat hindpaw was induced by intra-plantar (,pl.) 
injection of Freund's Complete Adjuvant (FCA, 0.15 mL) whilst rats ^ere 
under brief Z% isoflurane: «% oxygen inhaiationa. anae^hes a 
inflammatory pain was assessed using the paw ^^^^ 
details). The test compounds were administered on erther day 5 or day 6 
following i.pl. FCA administration. 
Paw Volume Measurement 

The volume of each of the left and right hindpaws was measured 
using a plethysmometer on the day prior to i.pl. FCA administration as we* 
as immediately prior to i.v. drug (or saline) injection on day 5 post-FCA 

administration. 
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Surgery 

Jugular Vein Cannulation 

Jugular vein cannulation was performed whilst rats were 
anaesthetised with 3% isoflurane: 97% 0 2 inhalational anaesthesia 
maintained using a calibrated Trilene vapouriser. Polyethylene cannulae 
(previously filled with heparinised saline) were implanted into the right 
common jugular vein for i.v. drug dosing. Cannulae were exteriorized by 
subcutaneous (s.c.) tunneling to an incision made in the interscapular area, 
and protected by a stainless steel spring, the base of which was positioned in 
a subcutaneous pocket between the scapulae. Incisions were closed with 
sterile silk sutures. After surgery, rats were housed singly in metabolic cages 
and were allowed to recover postoperatively for a minimum of 2 h before 
further experimentation. Food and water were available ad libitum during the 

recovery period. 
Drugs Administered 

Each of the compounds F70.3.2 and F70.3.6 were dissolved in stenle 
saline. The compounds of interest were administered initially in a dose of 
0.01 mg/kg in an injection volume of 0.5 mL. The other i.v. doses 
administered in this preliminary study were as follows: 

F70.3.2 0.002 mg/kg, 0.005 mg/kg, 0.01 and 0.02 mg/kg 
F70.3.6 0.002 mg/kg , 0.005 mg/kg. 0.01 mg/kg, 0.02 mg/kg and 

0.05 mg/kg 

Control rats received bolus doses of i.v. saline. 
Antinociceptive Testing: Paw Pressure Test 

For the paw pressure test, rats were gently restrained under a towel, 
and incremental mechanical pressure (maximum = 250 g) was applied to the 
dorsal surface of the hindpaw. The pressure required to elicit paw 
withdrawal, the paw pressure threshold (PPT), was determined. The mean 
of 3 consecutive measurements, separated by 10 s, was determined. The 
same procedure was then performed on the contralateral side wrth the 
sequence of sides being alternated to preclude order effects. Similarly, rats 
were gently restrained under a towel for the quantification of paw volumes 
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using a plethysmometer. 
Data Analysis 

Following administration of i.v. bolus doses of each of the test 
compounds (F70.3.2 and F70.3.8). paw withdrawal thresholds (g) were 
normalized by subtraction of the individual baseline PWT values quantified 
immediately prior to drug administration. The area under the normalized 
PWT versus time (AUC) was calculated using the trapezoidal rule. Dose- 
response curves were constructed by plotting the AUC values versus the ..v. 
dose for each of F70.3.2 and F70.3.6. 

FIG 66 shows that for the ipsilateral hindpaw, there was a dose- 
related increase in the antincciceptive potency of F70.3.2. By contrast, there 
was an absence of antinociception in the contralateral hindpaw. 

FIG 66 shows that the ipsilateral hindpaw, there was a dose-related 
increase in the antinociceptive potency of F70.3.6 in the dose range, 0.002- 
0 01 mg/kg. However, further increases in the dose magnitude resulted in a 
decreased rather than an increased antinociceptive response. Similar to 
compound F70.3.2, there was an absence of antinociception .n the 

contralateral hindpaw. 

The results summarised in FIG 67 in which rats where injected with 
saline only show that the experimental procedures themselves did not evoke 
significant antinociception 
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tv. F70.3.2 Antinodception in FCA-rats 




250 



®200 - 
1 



tv. F70.3.2 Anttnociceptton in FCA-rats 
(contralateral pro) 



0,002 ing/Ue (n^D 
.0.005 wg/kfi (n*») 
-QX»1 mg/kg 
•0.02 ros/kg (p=3) 




1.3 
Time (h) 



FIG. 65 



is a graph of the mean (± SEM) paw withdrawal threshold 
versus time curves for (A) ipsilateral (inflamed) and (B) 
contralateral (non-inflamed) hindpaws of FCA-rats. 
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iv, F7(h3,6 AntinociccptioD In FCA-rats 
(ipsitateral paw) 



0.002 mg/kg (n=l) 
0X105 mg/kg<ir-3) 
0.01 mg/kg <d^5) 
0J02 mg/kg (n=3> 
mg/kg <o=t) 




Lv. F70.3.6 Airtinociception in FCA-rats 
(contralateral paw) 
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FIG. 66 



is a graph of the mean (± SEM) paw withdrawal threshold 
versus time curves for the (A) ipsilaterai (inflamed) and the (B) 
contralateral (non-inflamed) hindpaws of FCA-rats. 
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Lv. Saline in FCA-rafa (n=3) 

250* 

« 200- 
S 




FIG. 67: is the mean (± SEM) paw withdrawal threshold versus time 
curve for the ipsilateral (inflamed) and the contralateral (non-inflamed) 
hindpaw in FCA-treated adult male Sprague-Dawley rats (n « 3) that 
received a single i.v. bolus of saline. 

The is a distinct increase and then plateau of the antinocieptive effect 
of compounds F70.36 and F70.3.2 using the above techniques, as shown in 
FIG. 68. 

Dose-response curves for Lv. F70.3.6 & F70.3.2 

in FCA-rats 





ipsilatersl paw 
contralateral paw 



FIG. 68: Mean (± SEM) dose-response curves for the antinociceptive effects 
of Lv. bolus doses of F70.3.2 and F70.3.6 in the ipsilateral hindpaws of FCA- 
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10 



rats. 

FIG 69 shows that by 5 days post-FCA administration, the mean (± 
SEM) volume of the ipsilateral hindpaw increased approximately 2-fold from 
3.3 (± 0.1) mL to 6.0 (± 0.1) mL By contrast, the mean (± SEM) volume of 
the contralateral hindpaw at day 5 post-FCA administration (3.3 ± 0. 1 mL) did 
not differ significantly from that ((3.2) ± 0.1 mL) measured prior to induction 
of inflammation in the ipsilateral hindpaw. 



Paw volumes in FCA-rats 




CO Left PawPre-FCA 
O Right Paw Pre-FCA 
6 Left Paw Post-FCA 
0 Right Paw Post-FCA 



Paw 



FIG. 69 is a graph of the paw volume pre and post FCA treatment 

A range of side effect were observed for the compounds F70.3.2 and 
F70.3.6 as summarized below in TABLE 1 9 and 20. 
TABLE 19: Side effects of F70.3.2 



Dose 

(mg/kg) 


Side 
effect 


Onset 


Duration 


Intensity 

0-none; 
1=mlld; 
2=moderate; 
3=severe; 
4=extreme 


Temporal 
Intensity 

0=Absent 
^Intermittent 
2=Continuous 


No of rats 
observed 
with side- 
effect 


0.005 


Apnoea 


3h 


30 sec 


1 


I 


1/3 


0.02 


Apnoea 


30 min 


15 min 


1 


I 


1/3 


Staring 


30 min 


15 min 


1 


I 


1/3 
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TABLE 20: Side effects of F70.3.6 

Dose 

(mg/kg) 



oIqO 

effect 




Duration 


Intensity 

0=none 
1=mild 
2=moderate 

3=severe 
4=extreme 


Temporal 
Intensity 

0=Absent 
1 "intermittent 
2=Continuous 


No of rats 
observed 
with side- 
effect 


Body 
shaking 


15min 


5 min 


1 


I 


1/3 


Body 
shaking 


30 min 


5 min 


1 


i 


T73 


Staring 


45 mln 


15 min 


1 


i 


1/3 


Staring 


30 min 


15 min 


1 


r 


1/1 


Apnoea 


5 min 


30 min 


1 


c 


1/1 



0.005 

ooT 



0.05 



Throughout the specification the aim has been to describe the 
preferred embodiments of the invention without limiting the invention to any 
one embodiment or specific collection of features. 

Throughout this specification, unless the context requires otherwise, 
the word "comprises", and variations such as "comprise" or "comprising", will 
be understood to imply the inclusion of a stated interger or group of integers 
or steps but not to the exclusion of any other interger or group of integers. 
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